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PREFACE. 


The  object  of  this  work  is  to  present,  in  a  compact,  practical  form,  all  that 
is  now  known  on  the  application  of  electricity  to  the  treatment  of  disease.  The 
aim  of  the  authors  has  been  to  combine  their  own  extensive  and  varied  researches 
with  localized  and  general  electrization,  and  the  labors  of  all  other  recent 
explorers  in  electro-therapeutics,  in  a  summary  which  should  be  at  once  prac- 
tical and  exhaustive,  and  which  should  represent  with  strict  impartiality  all  that 
has  been  really  accomplished  in  this  department  by  every  school,  in  every 
countr)',  and  by  all  methods. 

For  this  undertaking  the  authors  have  been  prepared  by  an  experience 
acquired  in  more  than  10,000  applications  of  electricity  in  a  wide  variety  of 
morbid  conditions,  and  by  personal  observation  of  the  methods  and  the  results 
of  the  recognized  leaders  in  this  important  field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and  confusion, 
the  work  is  divided  into  Elictro-PhysicSy  Electro-Physiology y  Electro-  Thcra- 
peuticSj  and  Electro-Surgery,  It  is  believed  that  by  this  arrangement  the  work 
will  be  more  acceptable  both  to  the  majority  who  seek  to  consult  the  distinc- 
tively practical  portions,  and  to  the  few  who  may  desire  also  to  investigate  the 
subject  of  electricity  in  its  physical  and  physiological  relations. 

General  electrization,  which  the  authors  were  the  first  in  the  profession  to 
systematically  investigate,  is  here,  for  the  first  time,  described  and  illustrated 
in  systematic  detail  of  its  modus  operandi  and  its  very  remarkable  effects  in 
conditions  of  debility. 

To  central  galvanization,  especially  galvanization  of  the  sympathetic — for 
which  the  laborious  school  of  Remak  have  laid  the  profession  under  great  obli- 
gations— has  been  accorded  an  attention  and  a  prominence  to  which,  by  its 
growing  im]x>rtance,  it  is  certainly  entitled. 

The  general  differential  indications  for  the  use  of  the  two  currents  and  for 
the  use  of  localized  and  general  applications,  we  have  sought  to  distinguish  and 
elucidate  by  logical  deductions  from  the  known  principles  of  electro-therapeu- 
tics, and,  above  all,  from  extended  experimental  comparison.  The  knowledge 
of  electro-therapeutical  anatomy,  which  is  so  essential  for  an  intelligent  electro- 
diagnosis  in  therapeutics,  we  have  endeavored  to  facilitate  by  concise  and  expli- 
cit illustrations.  The  drawings  for  illustrations  of  the  different  methods  of 
electrization  were  made  from  photographs  taken  during  the  applications. 
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In  ihe  selection  and  detailed  description  of  apparatus,  both  the  taster  of  the 
specialist  and  the  imperative  needs  of  the  general  practitioner  have  been  con- 
stantly borne  in  mind  ;  and  while  nearly  all  the  most  improved  forms  of  ma- 
chines for  both  currents  have  received  notice,  minute  description  and  illustration 
have  been  rcser>'ed  only  for  those  that  experience  has  shown  unite  in  the  highest 
degree  the  qualities  of  convenience  and  compactness,  with  accessibility  and  imi- 
formity  of  action.  When  we  began  our  experiments  in  this  department,  there 
was  in  this  countrj*  no  satisfactory  apparatus  either  for  the  faradic  or  the  gal- 
vanic currents,  and  for  this  reason  our  early  obser\'ations  were  made  under 
exceeding  disadvantages. 

The  diiBculty  has  for  a  number  of  years  been  partly  met  by  the  electro-magnetic 
apparatus  of  Kidder,  which,  for  all  the  essential  qualities  required,  is  as  yet  unsur- 
imssed.  We  early  became  convinced  that  scientific  electro-therapeutics  required 
also  a  galvanic  apparatus  which  should  be  at  least  more  compact  and  more  port- 
able than  thase  which  had  been  usually  emplo>'ed,  and  that  to  be  forced  to  depend 
on  apparatus  of  foreign  construction  would  both  retard  the  prepress  and  practi- 
cally jvohibit  the  popularization  of  electro-therapeutics.  Amid  many  dis- 
couragements which  only  those  who  have  pursued  similar  investigations  can 
w«U  appreciate,  we  have  striN-en  to  o\-ercome  this  serious  evil  and  to  prepare 
a  gaU-anic  apparatus  which  should  be  both  simple  and  enduring,  and  which 
could  l*  used  at  the  bedside  as  wdl  as  in  the  hospital  or  consulting-room. 
Through  the  skill  ami  intelligence  of  the  mechanician  above-mentioned,  we  are 
now  able  to  present  an  apparatus  for  the  galx-anic  current  which,  if  not  on  the 
tme  hand  so  compact,  or  on  the  other  so  elaborate  as  others  to  which  we  have 
called  attention,  is  >-et,  in  the  wkie  \-ariety  of  sire  and  shape  of  which  it  is 
ca|xiil>le,  in  the  simj>liciiy  of  its  cvv:istTuction,  and  the  ease  of  its  management, 
|^erha|is  e\-en  l>etier  tilievl  to  su|^>ly  the  general  want. 

Elictry^^sur^cry^  though  a  >\Hmg  and  as  >-et  but  little  developed  branch  of 
eleclro-therapeutics  is  y^  of  such  itttrin:ac  importance  and  interest,  and  so 
fruitful  in  prvvtnise  for  the  future,  that  it  has  been  deemed  worthy  of  separate 
and  si^ecial  c^wskleration. 

In  the  (v^mratioii  of  the  detailed  and  stattstkal  reports  of  cases,  we  bare 
sought  to  gi>if  a  picture  that  shaU  be  so  accsrate,  and  so  tme  to  exp^ri* 
enc**  that  it  may  be  untiilingly  feco^tfed  by  all  thocse  who  pttr»Qe  a 
similar  line  of  exi^erimeni.  The  .somewhat  de^rved  neproach  against  electro- 
theraixrutists  that  they  poblish  only  their  ttkxst  fortunate  resolts^  we  have 
endeavored  to  avitrt  by  giving  prominenoe  to  faxlan»  as  well  as  to  successes :  by 
noting  ndb^x^es  a*  well  as  pertnanent  recoveries^  We  have  been  cot  onmiaif-l 
of  the  6ct  tfcttt  statistWal  report*  of  the  n»m:s  of  any  method  of  treatment, 
bv>we^^  vxvKcktttiottsly  prf^xjurei^l,  must  be  at  best  tix-v»aipkiete,  and  to  a  certain 
extent  illitsocy.  Therapeutics  is  alway-^  a  sabvect  of  vast  compiLcarsoosw  It  is 
probabte  that  iu  A^noae  of  the  cases  reported  *s  a*»oiu:e  or  approxiis^ue  recover- 
ks  nature  and  tiBBie.  an^l  ia  a  few  instanciKw  perb^iffi.  other  aw^ 
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treatment  bore  as  large  a  share  as  the  applications  themselves.  We  have, 
however,  endeavored  to  make  all  proper  allowances  for  the  influence  of  these 
various  factors ;  and  in  the  few  exceptional  cases  where  medicinal  has  been 
combined  with  electrical  treatment,  the  fact  has  been  mentioned,  and  cases  of 
positive  doubt  have  been  excluded  from  consideration.  For  the  study  of  the 
special  effects  of  electrical  treatment,  when  used  alone,  we  have  been  peculiarly 
fortunate,  since  the  vast  majority  of  our  cases  had  abandoned  medication  before 
they  were  referred  to  our  care.  On  the  other  hand,  it  is  indisputably  true  that 
some  of  the  cases  reported  as  absolute  failures,  or  as  but  slightly  benefited, 
were  kept  from  perfect  recovery  by  the  indulgence  of  evil  habits  of  hygiene  ; 
and  it  is  fully  probable  that  some  of  them,  as  well  as  of  those  reported  as  unknown, 
appreciated  the  after  results  of  the  treatment  and  went  on  to  recovery.  Still 
further,  it  Is  in  every  way  probable  that  some  of  the  failures  might,  by  greater 
perseverance  on  the  part  of  the  patients,  have  been  transformed  into  perfect 
successes. 

It  is  believed  that  these  various  errors  to  a  certain  extent  counterbalance  each 
other,  and  that  on  the  whole  our  statistical  reports  fairly  represent,  so  far  as 
they  go,  the  legitimate  results  of  the  electrical  treatment.  And  yet  it  should 
be  considered  that  the  majority  of  the  cases  represented  in  our  statistics  were 
both  long-standing  and  peculiarly  obstinate,  and  there  is  ground  for  the  belief 
that  those  who  treat  milder  and  more  recent  cases  by  the  same  methods,  will  • 
obtain  a  larger  percentage  of  success. 

It  Mrill  be  observed  that  throughout  the  work  these  leading  ideas  are  kept 
constantly  in  the  foreground  as  the  foundation  principles  on  which  must  rest 
the  science  of  electro-therapeutics  : — 

1.  That  electrization,  besides  being  merely  a  local  stimulant,  also  exercises  an 
influence  over  general  and  local  nutrition,  at  once  unique  and  unrivalled,  and 
that  entitles  it  to  the  highest  rank  among  constitutional  tonics. 

2.  That  the  accepted  system  of  making  the  applications  exclusively  local  is 
both  illogical  and  inconsistent ;  that  in  the  use  of  electricity,  as  of  every  other 
remedy,  constitutional  diseases  should  be  treated  constitutionally. 

3.  That  the  best  method  of  bringing  the  whole  system  under  the  direct  influ- 
ence of  the  current  is  by  general  electrization  as  here  described  ;  and  that  by  the 
use  of  this  method  the  success  of  electro-therapeutics  is  materially  enhanced, 
and  its  sphere  very  greatly  widened,  so  as  to  include  a  variety  of  frequent  and 
distressing  constitutional  morbid  conditions,  for  which  merely  localized  electri- 
zation is  but  imperfectly  indicated. 

4.  That,  in  deteimining  the  influence  of  the  electrical  applications  on 
conditions  of  disease  the  last  appeal  must  be  made,  not  to  physics  nor  to  physi- 
ology, nor  to  pathology,  nor  to  any  h  priori  reasoning  whatever,  but  solely 
and  alone  to  clinical  experience. 

To  those  who  adhere  to  the  long-accepted  theory  that  electricity  is  merely  a 
ii>eans  for  local  stimulation,  and,  as  such,  chiefly  indicated  in  the  severe  or  in- 
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curable  conditions  of  paralysis  or  chronic  rheumatism,  or  who  hope  to  reduce 
electro- therapeutics  to  an  exact  science  on  the  basis  of  a  complete  physiology 
and  pathology,  the  above  propositions  must  seem  both  radical  and  erroneous,  and 
especially  so  if  they  have  studied  the  action  of  electricity  on  the  body  merely  by 
localized  applications. 

Therefore  with  all  the  greater  interest  and  pleasure  have  we  observed  that 
during  the  last  few  years,  there  has  been  in  electro-therapeutical  literature  a 
manifest  and  increasing  tendency  to  abandon  the  narrow  doctrines  of  merely 
local  stimulation,  to  accept  the  fact  which  experience  everywhere  confirms,  that 
in  electricity  we  have  an  unsurpassed  means  of  improving  the  general  nutrition  in 
the  immense  variety  of  chronic  morbid  conditions  where  such  results  are  chiefly 
indicated;  and  we  express  the  confident  hope  that  the  abundant  and  varied 
evidence  with  which  in  the  present  work  we  have  been  enabled  to  fortify  these 
propositions,  increased  and  enriched  as  it  may  be  by  the  experience  of  the 
future,  and  harmonizing  as  it  surely  must  with  the  general  progress  of  science, 
will  materially  aid  in  bringing  nearer  the  day  of  their  universal  acceptance. 

Although  this  work  is  not  intended  to  be  in  any  sense  a  complete  guide  to 
the  study  of  chronic  diseases  of  the  nervous  system,  yet  some  general  remarks 
on  the  nature,  causation,  and  the  diagnosis  of  the  principal  of  these  diseases 
have  been  deemed  both  appropriate  and  necessary,  for  the  twofold  reason  that 
such  knowledge  is  necessary  for  an  intelligent  appreciation  of  the  directions  for 
the  treatment,  and  also  because  very  many  of  the  diseases  here  mentioned — such 
as  nervous  dyspepsia,  spinal  irritation,  neurasthenia,  hypochondriasis,  insomnia, 
locomotor  ataxy,  muscular  atrophy,  spinal  and  infantile  paralysis,  as  well  as 
some  of  the  varieties  of  neuralgia — have  not  received  in  any  one  popular  text- 
book the  practical  attention  which  their  vast  importance  in  electro-therapeutics 
requires. 

Scientific  elect ro-theraj>eu tics  requires  scientific  diagnosis.  He  who  only 
knows  how  to  apply  electricity  is  not  fit  to  do  even  that.  Successful  results  in 
electro-therapeutics  can  be  and  are  obtained  by  the  most  ignorant  of  charla- 
tans, but  to  intelligently  report  these  successes  or  make  them  of  value  to  science 
requires  the  best  skill  of  the  physician.  Mere  hand-books  of  electrical  appli- 
cations cannot  be  otherwise  than  injurious  to  science.  Other  conditions  being 
the  same,  the  value  of  reports  of  cases  in  electro -therapeutics  is  in  direct  pro- 
portion to  the  accuracy  and  completeness  of  the  diagnosis.  For  this  reason 
it  is  that  electro-therapeutics  is  the  most  exacting  and  laborious  of  all  the 
special  tlepartments,  for  in  a  certain  sense  it  trenches  on  and  necessitates  a 
knowledge  of  all  other  departments. 

In  the  strict  sense  of  the  word,  therefore,  the  electro-therapeutist  is  no  spe- 
cialist, since  his  ideal  —which  of  course  he  can  but  imperfectly  fulfil — must  be  to 
know  something  of  every  department  with  which  electro-therapeutics  brings 
him  into  relation.  His  ambition,  like  that  of  Bacon,  must  be  **  to  make  all 
knowledge  his  province." 
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Besides  a  thorough  familiarity  with  the  department  of  nervous  diseases,  and 
especially  with  the  recent  methods  of  studying  them  by  the  aesthesiometer,  the 
ophthalmoscope,  and  by  electricity,  it  is  necessary  for  the  electro-therapeutist 
to  avail  himself  of  all  the  advances  that  are  made  in  the  special  departments  of 
gynecology,  ophthalmology,  otology,  laryngology,  and  dermatology,  as  well  as 
general  medicine  and  surgery. 

In  respect  to  diagnosis  we  have  ourselves  been  exceptionally  favored,  since  the 
majority  of  our  cases  have  obtained  the  opinion  of  one  or  more  acknowledged 
authorities  in  their  respective  departments. 

That  all  the  special  views  on  the  nature  and  treatment  of  the  diseases  here  men- 
tioned should  meet  with  universal  acceptance,  is  more  than  can  be  ex{)ected. 
Everywhere  we  tread  on  debatable  ground.  In  regard  to  the  nature,  the  cau- 
sation, the  symptoms,  the  general  treatment,  the  divisions  and  the  termi- 
nology of  diseases,  the  choice  of  currents,  the  methods  of  applications,  the 
relative  merits  of  rival  apparatus, — in  these  and  in  many  other  subjects  there  is 
room  for  the  widest  possible  divergence  of  honest  opinion  among  those  whose 
abilities  and  opportunities  entitle  their  opinions  to  the  highest  respect.  On 
all  these  controverted  themes  we  present  nothing  as  a  finality,  nothing  which 
we  shall  not  readily  modify  in  the  light  of  sufficient  iuductive  evidence. 

More  than  almost  any  other  department,  electro-therapeutics  has  suffered 
from  its  terminology.  So  large  is  the  number  of  synonyms,  and  so  indefinite 
the  meaning  of  many  of  the  words  and  phrases  which  have  come  into  use,  that 
intelligent  conversation  on  the  subject  has  been  well-nigh  impossible.  This  cry- 
ing evil,  from  the  first,  we  have  sought  to  rectify,  and  with  this  view  we  have 
resolutely  and  uniformly  distinguished  the  two  currents  2&  faradic  and  galvanic^ 
discarding  entirely  their  various  and  complex  synonyms.  It  is  believed  that 
this  and  other  changes  which  we  have  made  are  in  the  direction  of  simplicity, 
and  that  they  will  shorten  the  labors  of  the  student,  and  will  ser\'e  to  recom- 
mend rather  than  repel  the  earnest  inquirer. 

It  will  be  observed  that  in  this  work  the  future  as  well  as  the  past  has  been 
regarded,  and  that  a  number  of  diseases  are  mentioned,  for  the  sake  chiefly  of 
the  promise  and  the  hope  which  they  offer  for  electro-therapeutics.  The  object 
of  such  mention  is  to  inspire  authorities  in  the  several  departments  to  co-oper- 
ate with  electro-therapeutists  in  the  important  and  difficult  task  of  submitting 
these  diseases  to  faithful  and  rigid  experiment,  and  to  those  who  may  be  in- 
duced to  do  so  we  beg  leave  to  offer  these  suggestions : — 

First,  That  they  do  not  suffer  themselves  to  be  misled  or  in  any  way  con- 
trolled by  theoretical  reasoning.  Already  the  advance  of  electricity  into  the 
domain  of  medicine  has  been  retarded,  at  least  a  quarter  of  a  century,  by 
erroneous  or  undemonstral)le  theories  concerning  the  action  of  electricity  or 
the  nature  of  diseases  or  more  recently  by  futile  attempts  to  make  electro- 
physiology  a  sufficient  basis  for  electro-therapeutics.  It  cannot  l>e  too  often 
repeated,  that  the  essence  af  electro-therapeutics  is  clinical  experience.    Electro- 
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phy^ology  u  i.  tt.-ienL'e  it  oiicc  noble,  intcrcsluig.  and  suggestive,  bul  in  its  tcU.- 
tioni  to  electro-therapeutics,  with  very  few  limiritiotis  bdeed,  it  sliould  follow 
rather  than  precede,  should  explain  rather  than  guide. 

Saondly.  That  (hey  do  not  confine  their  attention  loo  excln^vely  to  dis- 
eases which  have  a  merely  pathological  interest.  We  bnt  represent  the  grow- 
ing sentiment  of  the  ablest  medical  thinkers  of  our  time,  when  we  assert  that 
in  recent  days,  in  nearly  all  deportments,  therapeutics  has  been  sacrificed  to 
palhotogy,  and  that  diseatics  however  prevalent,  and  however  painful,  which 
offer  no  interesting  pathological  history,  are  practically  neglected.  Now  it  is 
safe  to  assert  that  in  this  country  at  least,  there  is  immeasurably  more  suiTering 
in  the  higher  walks  of  life  from  the  somewhat  indefinite  condition  known  as 
nervous  dyspepsia  than  from  all  forms  of  paralysis  combined  ;  and  any  remedy 
which,  like  general  eleclriiation,  promises  ahnost  sure  rehef  for  this  condition, 
and  which  at  the  same  lime,  by  its  powerful  effects  over  nutrition,  lends  to 
prevent  or  delay  the  violation  of  incurable  central  lesions,  is  surety  worthy  of 
careful  study.  It  is  especially  unibrtunate  for  the  student  of  chronic  diseases 
of  the  nervous  system  that  nearly  all  the  works  on  practical  medicine  have  been 
of  foreign  authorship,  and  have  been  based  on  hospital  rather  than  on  private 
practice  ;  for  the  types,of  disease  are  modified  by  social  position  and  occupation 
OS  much  as  by  race  or  climate,  and  the  nameless  symptoms  associated  with  chro- 
nic nervous  exhaustion  which  are  found  in  every  family  among  the  higher  walks 
of  American  society,  and  m  greater  variety  and  severity  than  in  any  other 
country,  should  receive  the  earnest  attention  of  all  practitioners,  if  necessary 
even  to  the  exclusion  of  the  rare  and  exceptional  patholi^cal  cases  to  be  found 
in  our  public  inatilulions,  however  interesting  or  sug^tive  they  may  be.  As 
will  be  seen  in  Ijie  course  of  the  jwesent  work,  this  class  of  cases  are,  of  all 
others,  the  most  amenable  to  electrical  treatment,  and  therefore  demand  the 
special  study  of  the  electro- therapeutist.  Withal  it  should  be  remembered  that 
electro-therapeutics  has  not  been  entirely  useless  to  pathology,  since,  in  obscure 
cases,  the  locality  if  not  the  precise  nature  of  the  disease,  is  indicated  by  the 
results  of  treatment. 

Thirdly.  That  unfavorable  as  well  as  favorable  results  be  anriuately  report- 
ed. Every  failure  which  is  published  in  detail  is,  in  one  way,  as  much  a  fact  for 
science  as  a  success,  ^nce  it  reduces  and  guides  the  labors  of  future  experi- 
menters. In  our  estimate  of  any  remedy,  it  is  important  that  we  should  know 
its  weakness  as  well  as  lis  strength.  Those  who  know  the  most  of  electricity  in 
Its  relations  to  medicine  will  be  tlie  last  to  regard  it  as  an  unfailing  specific 

If  mvestigalions  are  everywhere  pursued  in  this  spirit  and  by  those  most  com- 
petent to  make  them,  the  reproachof  Mr.  r,ecky,  that  "Tlie  medical  powers  of 
electricity,  which  of  all  known  agencies  bears  most  resemblance  to  life,  are 
unexplored,"  will  cease  to  be  deserved. 

To  all  who  for  the  first  time  enter  upon  the  study  of  this  branch  of  science, 
we   cannot   too   strongly  recommend   the  practice   of  iitf-txperimtniatian. 


Preface,  xi 

Better  than  any  experiments  on  animals,  better  even,  in  many  features,  than 
extended  investigations  in  the  treatment  of  disease,  is  the  precise  and  peculiar 
knowledge  of  the  modus  operandi  of  the  applications,  and  the  sensations  which 
they  produce,  which  is  obtained  through  personal  experience. 

Compared  with  internal  remedies,  electricity  has  the  great  disadvantage  that, 
on  account  of  the  necessary  mechanical  and  technical  difficulties  in  the  way  of 
its  successful  employment,  it  cannot  be  rapidly  popularized.  Drugs  for  inter- 
nal administration,  like  bromide  of  potassium  and  hydrate  of  chloral,  can 
spread  over  the  earth  in  less  time  than  is  required  even  for  the  specialist  to 
master  the  elements  of  electro- therapeutics.  There  is  little  doubt  that  if  elec- 
tricity could  be  given  in  the  form  of  pills  or  powders  as  successfully  as  it  is  now 
employed,  its  use  would  be  increased  one  thousand-fold. 

Considering  all  the  technical  difficulties  in  the  way  of  the  rapid  populariza- 
tion of  electro-therapeutics,  its  recent  progress  is  something  unparalleled  in  the 
history  of  science :  the  dark  days  of  its  history  are  over,  and  they  can  never 
return. 

That  an  agent  which,  by  the  almost  unanimous  consent  of  the  profession, 
was  resigned  to  outsiders  and  to  those  who  were  always  ignorant  and  usually 
unscrupulous ;  which  in  text-books  and  lecture-rooms  was  mentioned  only  in  ■ 
tones  of  warning  or  disrespect ;  and  which  in  this  country,  but  a  very  few  years 
since,  was  sunk  so  low  that  he  who  attempted  to  raise  it  was  believed  thereby 
to  imperil  his  professional  and  social  position — should,  in  so  short  a  time,  and 
against  such  inherent  technical  difficulties,  assume  a  position  side  by  side  with 
its  sister  branches,  where  it  should  be  taught  in  our  schools,  incorporated  in 
text-books  of  general  and  special  medicine,  should  occupy  the  attention  of  some 
of  the  ablest  leaders  of  modem  thought,  and  should  arouse  the  enthusiasm  of 
all  ranks  of  the  profession  as  no  other  special  department  has  ever  done, 
might  well  have  seemed  past  belief,  even  to  those  who  had  the  strongest  faith 
in  the  liberality  and  activity  of  our  time. 

The  beneficent  results  of  this  progress  will  not  be  confined  to  electro-thera- 
peutics; they  will  react  favorably  on  all  departments,  and  especially  on  general 
therapeutics,  by  diffusing  a  wider  liberality  and  a  broader  spirit  of  inductive 
investigation.  The  paths  of  all  future  explorers  in  the  scientific  treatment  of 
disease  will  have  been  made  easier  and  safer  by  the  toils  and  the  triumphs  of 
this  one  department.  Henceforth  the  cause  will  need  not  so  much  energy  as 
guidance  ;  not  so  much  enthusiasm  as  wisdom. 

We  take  this  occasion  to  express  our  thanks  to  the  very  many  able  men  in 
the  profession  who,  in  ways  innumerable,  and  from  the  outset  of  our  investiga- 
tions, have  so  warmly  co-operated  in  our  labors,  and  whose  intelligent  sympathy 
and  substantial  encouragement  for  a  cause  that  was  yet  on  its  trial  in  America, 
have  largely  c<mtributed  to  whatever  degree  of  success  we  have  been  enabled 
to  achieve. 

(i.   M.   B.  AND  A.   D.   K. 
40  East  Thiiitikth  Strbkt,  ) 
New  }'^rA,  Feb.   1,  1871.      f 
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ELECTRO. PHYSICS. 


MAGNETISM. 


Electricity  is  manifested  in  three  forms — Magnetismy  Current 
Electricity^  and  Statical  Electricity. 

Magnetism  is  the  power  which  certain  bodies  possess  of  attract- 
ing iron.  The  bodies  which  are  observed  to  have  this  power  are 
called  magnets,  and  are  divided  into  two  classes — natural  and  ar- 
tificial. Natural  magnets  consist  of  iron  ore  or  loadstone.  Load- 
stone was  first  discovered  in  Magnesia,  in  Asia  Minor,  and  hence 
the  name  magnet  was  derived.  The  compass  was  introduced 
into  Europe  in  the  12th  century;  but  the  Chinese  are  said  to 
have  been  acquainted  with  it  in  the  4th  century. 

Artificial  magnets  are  usually  made  of  steel  that  has  been 
magnetized  by  the  galvanic  current,  or  by  other  magnets.  Steel 
bars  that  have  been  thus  magnetized  may  be  either  straight  or 
bent  For  convenience*  sake,  they  are  usually  bent  in  the  form 
of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  influ- 
ence, but  iron  is  more  affected  by  it  than  others.  Experiments 
illustrative  of  the  effects  and  power  of  artificial  magnets  are  so 
familiar  that  they  need  not  be  cited. 

The  polarity  of  a  magnet  is  that  peculiar  property  by  which  it 
manifests  two  opposite  kinds  of  magnetism,  that  are  termed,  rela- 
tively to  each  other,  the  north  and  the  south  pole.  When  a  mag- 
netic needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south. 
If  the  magnet  be  disturbed  in  any  way,  and  forced  temporarily 
out  of  position,  it  at  once  and  uniformly  returns. 

The  polarity  of  a  magnet  is  also  demonstrated  when  it  is  di- 
vided at  its  centre ;  for  the  halves  become  separate  magnets,  each 
having  two  poles,  one  ix)inting  to  the  north,  and  the  other  to  the 
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south.  We  find,  therefore,  that  it  is  impossible  to  insulate  either 
pole  in  a  magnet.  One  pole  can  only  exist  when  it  is  associated 
with  its  corresponding  opposite. 

The  poles  of  a  magnet  are  always  at  its  ends,  for  here  the  at- 
tractive power  is  greatest.  This  can  be  demonstrated  by  a  very 
simple  experiment.  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron- 
filings,  it  will  be  found  that  these  adhere  to  the  bar  most  firmly 
and  in  the  greatest  quantity  at  and  near  its  poles.  The  quantity 
that  adheres  is  less  as  we  approach  the  middle  of  the  bar.  Jn 
long  bars  there  is  always  a  place  at  the  middle,  or  near  to  it, 
where  no  filings  are  attracted.  This  space  is  variously  termed 
the  neutral  or  magnetic  zone,  or  magnetic  equator,  or  point  of  in- 
difference. 

Another  familiar  experiment  is  to  pass  an  iron  ball,  suspended 
by  a  string  or  thread,  near  to  a  magnet  from  end  to  end.  It  is 
observed  that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the 
middle,  but  that  the  attractive  power  is  increased  as  we  bring  it 
towards  either  end.  If  any  substance  be  placed  between  the  ball 
and  the  magnet,  the  attraction  is  just  as  marked,  unless  the  inter- 
posed substance  itself  contains  iron.  Nearly  all  substances  that 
are  not  themselves  magnetic  are  capable  of  transmitting  the  mag- 
netic influence. 

Another  feature  of  magnetic  polarity  is,  that  like  i)oles  repel, 
and  unlike  poles  attract,  each  other.  If  one  magnetic  bar  be  sus- 
pended freely  in  the  air,  and  another  be  brought  near  to  it,  it  will 
be  found  that  the  north  pole  of  one  is  attracted  by  the  south 
pole  of  the  other,  and  vice  versd — in  short,  that  the  like  poles 
repel,  while  the  unlike  attract. 

Theory  of  Magnetism, — The  wonders  of  magnetism  have  at- 
tracted the  attention  of  some  of  the  ablest  physicists  of  the 
world,  and  have  very  naturally  received  a  variety  of  interpreta- 
tions. The  theory  which  is  the  most  familiar  is,  that  the  attrac- 
tive power  of  a  magnet  comes  from  two  magnetic  fluids  which  it 
contains.  These  fluids  are  subtle  and  imponderable,  like  the 
light  of  the  sun.  One  of  the  fluids  is  situated  at  the  north  (or  -f ) 
j)ole,  and  the  other  at  the  south  (or  —  )  polo,  and  both  receive 
their  names  accordingly. 
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The  +  fluid  repels  itself,  but  attracts  the  —  fluid ;  and  vice  versd^ 
the  —  fluid  repels  itself,  but  attracts  the  -f  fluid.  Both  of  these 
fluids  are  attractive  of  the  matter  of  the  magnet.  In  the  unmag- 
netic  state,  those  bodies  which  are  capable  of  being  made  mag- 
netic contain  these  two  fluids  in  combination,  and  in  equal 
amounts.  This  is  the  natural  condition  of  bodies,  and  is  called  the 
magnetic  equilibrium.  This  is  confirmed  by  the  fact  that  "  two 
magnetic  bars  of  equal  size  and  intensity,  when  a])plied  to  one 
another  in  such  a  manner  that  heteronymous  poles  (poles  turned 
in  the  same  direction)  are  opposed,  cease  to  exert  any  mag- 
netic action."* 

When  a  body  which  is  capable  of  becoming  magnetic  is  magne- 
tized, these  two  fluids,  which  can  exist  in  it  in  combination  of  equal 
quantities  and  in  a  neutral  condition,  are  separated.  "  A  more  re- 
cent theory  suggests  that  all  substances  capable  of  becoming  mag- 
netic consist  of  particles,  each  of  which  is  a  permanent  magnet ; 
that  these  infinitesimal  magnets  have  their  poles  turned  in  all  dif- 
ferent directions,  so  as  to  neutralize  each  other  when  the  whole  is  not 
magnetic  ;  that  magnetization  has  the  effect  of  bringing  the  poles  of 
these  particles  round  so  as  to  lie  in  the  sam6»  direction ;  that  this 
coincidence  of  poles,  in  the  case  of  soft  iron,  takes  place  only 
when  the  iron  is  under  induction ;  that  in  the  case  of  steel  it 
takes  place  permanently  ;  and  that  the  degree  of  magnetization 
is  due  to  the  completeness  of  the  coincidence.  This  last  way  of 
conceiving  of  the  composition  of  a  magnet  is  both  simple  and  sat- 
isfiictory."  f  This  theory  is  analogous  to  Du  Bois-Reymond's 
molecular  theory  of  animal  electricity. 

Magnetic  Induction. — If  a  bar  of  soft  iron  is  brought  in 
contact  with  or  near  to  one  of  the  poles  of  a  magnet,  it  is  attracted, 
and  for  the  time  being  becomes  itself  magnetic ;  and  if  it  is  brought 
near  enough  to  the  magnet,  it  firmly  adheres  to  it.  A  bar  of  soft 
iron  thus  obtains  by  induction  all  the  properties  of  an  ordinary 
magnet.  It  has  a  north  and  south  pole.  It  attracts  iron-filings 
around  these  i)oles,  just  like  the  regular  magnet.    If  another  piece 

*  Electro- Physiolog)'  and  Therapeutics.     C.  E.  Morgan,  New  York,  p.  3. 
t  Electricity      Robert  M.  Ferguson,  Vh  D.     1862,  p.  14. 


6  Electro-Physics, 

of  soft  iron  is  brought  in  contact  with,  or  near  to  its  poles, 
it  is  attracted  and  made  to  adhere,  just  as  it  would  do  if  ap- 
plied to  an  ordinary  magnet.  Quite  a  number  of  bars  of  soft 
iron  may  be  made  to  adhere  in  the  same  way.  But  when  this 
bar,  thus  made  magnetic,  is  forcibly  removed  from  the  permanent 
magnet  to  which  it  adheres,  it  instantaneously  loses  all  its  magne- 
tic power,  and  the  iron-filings  or  pieces  of  soft  iron  that  have  been 
attracted  by  it  at  once  drop  off.  Such  a  magnet  is  therefore 
styled  "  temporary ^^^  in  contradistinction  to  ihe  permanent  magnets 
of  steel. 

If  a  bar  of  steel  is  brought  near  to,  or  in  contact  witli  a  magnet, 
it  also  becomes  magnetic,  and  exhibits  very  different  phenomena 
from  the  bar  of  soft  iron.  In  the  first  place,  it  becomes  magnetic 
much  more  slowly  than  the  bar  of  soft  iron,  and  displays  less 
magnetic  jwwer.  On  the  other  hand,  it  does  not,  like  the  soft 
iron  bar,  lose  its  attractive  power  as  soon  as  it  is  removed  from  the 
magnet,  but  permanently  retains  it. 

The  quality  of  steel  by  which  it  at  first  resists  the  attractive 
power  of  magnets,  and  resists  the  dispersion  of  the  magnetism 
which  it  has  once  acquired,  is  called  coercitive  force. 

The  same  phenomena  are  observed  in  regard  to  heat.  Some 
bodies  that  are  quick  to  acquire  heat,  are  quick  to  part  with  it ; 
and  vice  versd^  those  bodies  which,  like  iron,  steel,  and  so  forth, 
acquire  heat  gradually,  also  part  with  it  slowly. 

It  is  by  virtue  of  its  coercitive  force  that  loadstone  permanently 
retains  its  magnetism. 

The  harder  any  steel  is,  the  greater  its  coercitive  force.  Steel 
that  is  sofl  has  comparatively  little  coercitiveness,  and  when 
brought  near  to,  or  in  contact  with  a  magnet,  it  behaves  very 
much  like  soft  iron.  Very  hard  steel,  on  the  contrary,  has  so  great 
coercitiveness  that  it  is  only  attracted  by  very  powerful  mag- 
nets. 

Soft  iron,  when  adulterated  with  sulphur,  phosphorus,  arsenic, 
or  charcoal,  or  if  it  is  even  t^'isted  or  bent,  may  exhibit  a  slight 
degree  of  coercitive  force.  Soft  iron  that  is  perfectly  pure  pos- 
sesses no  coercitive  force  whatever. 

Shape  of  Magnets — Magnetic  Armatures. — Artificial  mag- 
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nets  are  either  composed  of  straight  bars,  or  are  bent  in  the  shape 
of  a  horseshoe.  The  horseshoe  form  is  used  mainly  for  the  sake  of 
convenience.  It  enables  us  to  apply  both  poles  simultaneously 
and  uniformly  to  the  object  that  is  to  be  magnetized.  Very  pow- 
erful magnets  may  be  made  of  a  number  of  thin  steel  bars  placed 
side  by  side,  their  poles  being  situated  homonymously,  that  is, 
lying  in  the  same  direction.  A  number  of  bundles  of  bars  of 
steel  arranged  in  this  way  is  called  a  ^^  magnetic  magazine^  or 
battery:* 

"  Magnetic  armatures  are  pieces  of  soft  iron  that  are  placed 
at  the  extremities  of  magnets,  to  preserve  their  magnetic 
power."  This  bar,  or  armature,  not  only  receives  magnetism 
from  the  magnet,  but  acts  upon  it  in  return,  and  thus  helps 
to  preserve  its. magnetic  power.  Magnets  that  are  not  pro- 
vided with  an  armature  gradually  lose  their  attractive  power 
by  the  disturbing  influence  of  the  magnetism  of  the  earth.  The 
magnetic  power  of  magnets  is  apt  to  be  impaired  by  letting 
them  fall  on  a  hard  surface,  or  by  suddenly  striking  them  with  a 
solid  body. 

Magnetization-. — It  is  possible  to  communicate  magnetism  to 
bodies  that  can  retain  it  in  four  different  ways  : 

1.  By  single  Touch, — ^The  bar  which  we  wish  to  magnetize  is 
laid  on  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  its  sur- 
face from  end  to  end  for  a  number  of  times. 

2.  By  double  Touch. — The  bar  that  is  to  be  magnetized  is 
placed  on  a  piece  of  wood,  the  ends  of  which  are  placed  against 
two  strong  magnets.  Two  magnets  for  rubbing  are  placed  on 
the  bar  to  be  magnetized,  making  an  angle  with  the  bar  of  from 
15°  to  20°.  A  small  piece  of  wood  is  placed  between  the  ex- 
tremities of  these  two  magnets,  to  prevent  their  touching.  They 
are  then  rubbed  along  the  bar  that  is  to  be  magnetized,  from  the 
middle  towards  the  end,  and  back  again,  and  raised  from  the 
magnetized  bar  again  at  the  middle.  This  method  communicates 
a  strong,  though  sometimes  irregular  magnetism. 

3.  By  the  Galvanic  Current. — The  bar  to  be  magnetized  is 
placed  inside  a  coil  of  insulated  wire  through  which  a  galvanic 
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current  is  running,  and  is  then  moved  backward  and  forward,  as 
in  the  method  by  the  double  touch. 

4.  By  the  Earth, — It  is  clear  that  the  earth  is  itself  a  magnet, 
for  it  manifests  strong  inductive  power.  A  steel  rod  becomes  per- 
manently magnetic  when  it  is  held  parallel  to  a  dipping-needle. 
If  a  bar  of  soft  iron  is  held  in  the  same  position  it  also  becomes 
magnetic,  and  much  more  rapidly  than  the  steel  bar,  but  does  not 
so  long  retain  its  magnetism.  If  a  soft  iron  bar,  held  in  this  po- 
sition, is  struck  a  few  times  by  a  hammer,  its  magnetism,  which  was 
before  temporary,  becomes  permanent.  The  blows  of  the  ham- 
mer seem  to  impart  in  some  mysterious  way  a  coercitive  force  to 
the  temporary  magnet 

Large  masses  of  iron,  when  kept  in  a  stationary  position  for 
any  length  of  time,  always  give  proofs  of  having  been  magnetized 
by  the  earth.  Tools  in  workshops  are  apt  to  become  permanent- 
ly magnetic  from  the  repeated  hammering  to  which  they  are  sub- 
jected. The  magnetism  of  the  loadstone  is  due  to  the  silent  but 
continuous  inductive  action  of  the  earth.* 

Saturation  point  of  Magnetism, — ^The  limit  of  the  amount  of 
magnetism  that  a  magnet  can  permanently  retain  is  called  the 
point  of  saturation.  If  any  magnet  receives  more  of  magnetism 
than  it  can  permanently  retain,  it  gradually  loses  it  or  throws  it 
off  until  it  falls  to  the  point  of  saturation,  when  it  ceases  to  lose 
any  more.  The  saturative  point  of  any  magnet  depends  on  its 
temper  and  coercitive  force.  Magnets  will  retain  their  magnet- 
ism at  the  point  of  saturation  for  years  if  they  are  not  seriously 
disturbed. 

Magnetism  is  very  markedly  influenced  by  temperature.  When 
a  magnet  is  heated  it  loses  its  magnetic  power  in  proportion  as  its 
temperature  rises ;  when  it  is  cooled,  it  regains  more  or  less  of 
what  it  has  lost.  But  if  any  magnet  is  subjected  to  a  heating  pro- 
cess for  a  number  of  times,  it  becomes  less  sensitive  to  the  changes 
of  temperature.  All  evidence  of  magnetism  is  driven  out  of  a 
magnet  at  white  heat,  but  it  regains  its  capacity  of  magnetization 
after  it  has  been  tempered  and  magnetized. 

♦  Ferguson,  op.  cit.,  p.  2. 
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Terrestrial  Magnetism. — ^When  a  needle  is  so  placed 
that  it  can  move  freely  in  a  horizontal  direction,  it  always 
assumes  a  north  and  south  position.  When  a  needle  is  so  placed 
that  it  can  move  freely  in  a  vertical  plane,  it  inclines  more  or  less 
toward  the  earth. 

These  positions  of  a  suspended  needle  are  directed  by  the  mag- 
netism of  the  earth, — terrestrial  magnetism^ — and  are  respec- 
tively termed  its  declination  and  inclination,  * 

Terrestrial  magnetism  is  composed  of  three  elements — decli- 
nation, inclination,  and  intensity, 

Declination, — ^The  declination  of  the  magnetic  needle  does  not 
always  coincide  with  the  north  and  south  points  of  the  horizon, 
but  as  a  rule  only  approximates  to  them. 

The  magnetic  meridian  is  a  vertical  plane  passing  through  the 
horizon  at  the  points  indicated  by  the  needle. 

The  astronomical  meridian  is  a  vertical  plane  passing  through 
the  horizon  at  the  north  and  south  points.  The  angle  between 
these  meridians  is  called  the  variation  of  the  needle. 

Inclination,  or  Z>ip. — When  the  magnetic  needle  is  free  to  move 
in  a  vertical  direction,  it  inclines  from  the  horizontal  position. 
The  angle  between  the  needle  thus  inclined  and  the  horizon  is 
called  the  dip  or  inclination.  This  discovery  was  made  by 
Robert  Norman,  an  instnuiient-maker,  of  London,  in  1576. 

Intensity, — The  magnetic  force  of  the  earth  which  brings  the 
suspended  needle  to  the  magnetic  position  after  it  has  been  driven 
from  it,  is  called  intensity.  "  The  needle  may  be  looked  upon  as 
a  magnetic  pendulum,  with  magnetism  instead  of  gravit}'  as  the 
force  acting  on  it."* 

Variations  of  the  Needle, — The  magnetic  elements — inclina- 
tion, declination,  and  intensity — vary  at  different  places.  These 
variations  are  called  secular,  annual,  and  diurnal. 

Secular  variations  are  those  which  take  place  in  the  lapse  of 
centuries.  In  every  place  the  magnetic  elements  vary  with  exceed- 
ing slowness  from  year  to  year,  completing  cycles  of  change  in  the 
course  of  ages. 

♦  Ferguson,  op.  cit.,  p.  17. 
1* 


lo  Electro-Physics, 

Annual  variations  are  observed  from  month  to  month.  The 
western  declination,  for  instance,  decreases  between  April  and 
July,  and  increases  during  the  remainder  of  the  year. 

Diurnal  variations, — The  needle  has  a  mean  daily  position,  from 
which  it  regularly  deflects  eastward  or  westward  at  certain  hours  of 
the  day.  At  midnight  the  needle  is  i|-'  east  of  this  mean  daily  posi- 
tion. It  reaches  its  furthest  east  point  at  8  o'clock  in  the  mom- 
*ing.  At  one  o'clock  in  the  afternoon  it  reaches  to  lo'  west.  It 
remains  west  of  die  mean  until  midnight.  The  needle  is  at  the 
mean  position  a  little  after  ten  in  the  morning,  and  a  little  before 
seven  in  the  evening.  But  the  daily  range  of  the  needle  varies 
in  the  different  seasons  of  the  year.  In  the  month  of  May  the 
average  daily  range  between  the  eastern  and  western  extremes  is 
12'.  This  is  its  maximum  range  for  the  year.  In  December  the 
average  daily  range  is  5'  28",  which  is  the  minimum  for  the 
year.  Diurnal  variations  were  discovered  by  Graham,  an  instru- 
ment-maker, of  London,  in  1722. 

The  diurnal  variations  of  the  range  are  not  uniform  in  all  parts 
of  the  world.  Near  the  magnetic  equator  it  amounts  to  very  lit- 
tle or  to  nothing  at  all,  but  increases  toward  the  north. 

Occasional  variations. — ^The  daily  course  of  the  needle  is  liable 
to  be  quite  materially  altered  by  the  various  changes  and  distur- 
bances of  the  earth  and  atmosphere.  Sometimes  these  changes 
thus  produced  amount  to  one  or  two  degrees.  The  singular  fact 
has  been  established  "  that  those  on  opposite  sides  of  the  globe, 
or  differing  by  180°  of  longitude,  have  disturbances  equal  in 
amount,  but  opposite  in  direction  ;  and  that  those  situated  90® 
west  or  east  of  the  disturbed  regions  have  little  or  no  disturbance."* 

It  is  very  well  known  that  the  phenomena  of  the  "  northern 
lights "  are  accompanied  by  greater  or  less  magnetic  variations, 
even  in  countries  where  they  are  not  seen.  Earthquakes,  volca- 
noes, thunder-storms,  whirlwinds,  and  indeed  all  forms  of  distur- 
bances and  warring  of  the  elements  are  liable  to  be  associated 
with  greater  or  less  variations  of  the  terrestrial  magnetism.  These 
disturbances  have  been  termed  by  Humboldt  "  magnetic  storms," 
and  are  known  as  such  among  telegraph  operators  and  mariners. 

♦  Ferguson,  op.  cit.,  p.  37. 
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Theories  of  Terrestrial  Magnetism, — To  give  in  any  details  the 
various  theories  that  have  been  presented  to  account  for  the  phe- 
nomena exhibited  by  the  magnetism  of  'the  earth  would  be  both 
superfluous  and  unsatisfactory.  It  has  been  conjectured  by  some 
that  magnetism  is  generated  in  the  earth  by  the  heat  of  the  sun, 
and  that  the  currents  thus  produced  are  continually  traversing  the 
surface.  Others,  again,  have  supposed  that  the  whole  earth  was 
magnetic,  and  that  it  acted  with  its  entire  force  at  different  points. 
The  popular  impression  is,  there  is  a  magnet  in  the  middle  of  the 
earth,  extending  between  the  two  magnetic  poles.  It  is  evident 
that  in  the  present  state  of  science  none  of  these  theories  can  be 
either  confirmed  or  disproved. 


FRICTIONAL   OR   STATICAL    ELECTRICIT\% 

When  glass  is  rubbed  with  silk  it  acquires  the  power  of  attract- 
ing any  light  substance,  such  as  a  pith-ball.  By  a  short  contact 
this  property  is  also  communicated  to  the  pith-ball,  and  it  then 
repels  the  glass  instead  of  being  attracted. 

These  phenomena  are  explained  by  the  existence  of  a  force 
which  is  termed  Electricity,  That  which  exists  in  the  glass  is 
called  vitreous^  or  positive^  or  -f  electricity.  If  a  piece  of  sealing- 
wax  be  rubbed  with  flannel  it  will  attract  the  pith-ball  which  is 
repelled  by  the  glass.  This  phenomenon  is  due  to  the  existence  of 
resinouSy  or  negative^  or  —  electricity  in  the  sealing-wax. 

The  name  electricity  is  derived  from  the  Greek  word  iX»rpov, 
meaning  amber^  because,  as  the  story  goes,  Thales  of  Miletus,  one 
of  the  seven  sages  of  Greece,  first  discovered  the  manifestations 
of  this  mysterious  force  by  nibbing  a  piece  of  amber  with  a  dry 
cloth.  The  science  of  electricity  dates  from  1600,  when  Dr. 
Gilbert,  of  Colchester,  physician  to  Queen  Elizabeth,  published 
a  work  on  magnetism,  entitled  Tractatus  de  Magnete,  He  first 
used  the  word  electricity. 

Not  only  sealing-wax  and  glass,  but  all  bodies  contain  more  or 
less  of  electricity  that  may  be  thus  developed,  by  some  kind  of 
friction.     All  l)odies  are  therefore  electrically  divided  into  three 
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classes  :  conductors,  semi-conductors,  and  non-conductors.  Under 
the  first  class — conductors — ^are  included  water  and  all  saline  solu- 
tions, the  metals,  the  earths  and  stones,  the  structures  of  plants  and 
animals,  etc.,  etc.  Under  the  second  class — semi-conductors — are 
included  ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc.,  at 
32**  F.  Under  the  third  class — non-conductors  or  insulators — are 
included  glass,  sealing-wax,  porcelain,  resins,  sulphur,  wax,  dry 
metallic  oxides,  fatty  oils,  etc.,  at  —  13*  F. ;  phosphorus,  india-rub- 
ber, gutta-percha,  collodion,  wool,  dry  hair,  silk,  shellac,  ebonite, 
amber,  feathers,  chalk,  lime,  dry  gases,  and  aqueous  vapor  in  a 
dry  state. 

The  conducting  power  of  metals  may  be  lessened  by  heating 
them.  In  nearly  all  other  substances  heat  increases  the  con- 
ducting power.  Certain  substances,  such  as  feathers,  wool,  hair, 
and  the  atmosphere,  which  in  a  dry  state  are  non-conductors, 
become,  when  thoroughly  moistened,  the  best  of  conductors. 

In  this  classification  of  all  substances  into  conductors,  semi- 
conductors, and  non-conductors,  reference  is  had  only  to  frictional 
electricity.  Substances  that  are  semi-conductors  for  frictional 
electricity  are  non-conductors  for  galvanic  electricity. 

Frictional  electricity  may  be  obtained  not  only  by  rubbing,  but 
also  by  cleavage  and  pressure.  When  a  piece  of  mica  is  cleaved, 
the  two  plates  which  are  separated  exhibit  opposite  electricities, 
and  a  faint  light  is  observed  when  the  cleavage  is  made  in  the 
dark.  The  light  that  is  seen  when  sugar-candy  or  loaf-sugar 
is  broken,  is  accounted  for  by  the  development  of  electricity 
through  cleavag(^ 

When  a  thin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a 
negative  electricity.  The  same  phenomena  may  be  obtained  by 
cleavage  and  pressure  of  very  many  other  substances,  and  under 
diverse  conditions. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on 
some  non-conducting  substance,  so  that  the  electricity  com- 
municated to  it  is  prevented  from  passing  into  the  ground. 
Glass  is  one  of  the  best  non-conductors,  and  is  the  insulating 
material    usually    cm])loye(l    in    the    constniction    of    electrical 
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apparatus.  It  is  hard,  durable,  and  easily  obtained,  and,  could 
its  surface  be  kept  always  dry,  would  be  surpassed  as  an  insu- 
lator by  no  material.  In  frosty  and  dry  weather  it  acts  very  well ; 
but  when  the  atmosphere  is  at  all  damp,  it  becomes  coated  with  a 
layer  of  moisture,  which  very  much  impairs  its  insulating  power. 

A  much  superior  insulator  to  glass  is  ebonite,  a  preparation 
of  vulcanized  india-rubber  that  of  late  has  been  much  used. 
It  is  imp>ossib]e,  however,  for  any  insulator  to  retain  undimin- 
ished the  charge  of  electricity  which  it  may  receive.  The  loss 
arises  not  only  from  the  fact  that  the  best  of  insulators  are  not 
perfect  non-conductors,  but  because  also  the  particles  of  air  or 
dust  become  charged,  and  thus  carry  off  the  electricity.  For 
this  reason  it  is  necessary,  in  all  exact  experiments,  to  ascertain 
how  rapidly  the  charge  'diminishes,  and,  in  estimating  the  results, 
to  take  it  into  account. 

Statical  Induction. — An  electrified  body  always  has  a  peculiar 
influence  over  the  natural  electricity  of  other  bodies  in  its  vi- 
cinity.    This  may  be  shown  in  the   fol- 
lowing manner :   A  brass   cylinder  (Fig.        4.  -  +^^ 
i),  rounded  at  either    extremity,    is  in-         i^^^i\   ^V 
sulated  by  means  of  a  glass  rod.      Two        **  ^            «*  »     11 
pith-balls  are  suspended  by  cotton  thread 
from   each   end.      If    an   insulated  ball               ^  ^ 
charged  with  positive  electricity  be  brought             ^k^      fll^ 
in  close  proximity  to  the  brass  cylinder,                   Fu;.  i. 
the   pith-balls  will  diverge,  showing  a  dis- 
turbance of  the  electrical  equilibrium  in  the  cylinder.     So  soon 
as  the  charged  ball  Ls  withdrawn,  the  pith-balls  hang  down   as 
before,  showing  that  the  electrical  disturbance  in   the   cylinder 
depended  on  the  presence  of  the  charged  ball,  and  was  merely 
temporarv. 

If  a  small  disc  of  insulated  gilt  paper  be  brought  in  contact 
with  the  end  of  the  cylinder  next  the  charged  ball,  and  then 
approached  towards  an  electrometer,  the  needle  will  indicate 
that  the  disc  has  received  —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  -f  electricity 
will  be  transmitted  to  the  gilt  disc. 
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It  is  thus  seen  that  +  electricity  of  the  charged  ball  causes 
the  near  end  of  the  cylinder  to  assume  a  —  condition ;  while, 
according  to  a  universal  law,  that  no  —  electricity  can  be  excited 
without  an  equal  amount  of  positive  electricity,  the  opposite  ex- 
tremity becomes  +.  The  phenomenon  thus  described  is  called 
induction;  and  while  in  this  peculiar  electrical  condition,  the 
cylinder  is  said  to  be  polarized. 

Distribution  of  Electricity, — It  is  evident  that  the  greater  the 
surface  over  which  electricity  is  diffused,  the  less  is  its  power  or 
intensity  at  any  given  point.  If  two  bodies  of  equal  size  are 
insulated,  and  one  of  them  is  charged,  the  electricity  will  diffuse 
itself  ecjually  over  the  surfaces  of  both  when  they  are  brought 
in  contact.  It  will  be  observed,  however,  that  the  electric  ten- 
sion of  either  body  is  but  one-half  of  that  of  the  body  originally 
charged,  thus  showing  that  a  large  surface  feebly  charged  is  equiv- 
alent to  a  smaller  one  more  highly  electrified. 

Electricity  does  not  penetrate  to  the  interior  of  metallic  con- 
ductors^ but  diffuses  itself  over  the  surface, 

Kxperiment  proves  this.    Let  a  brass  ball  be  charged  with  elec- 


I'k;.  2. 

Irin'ly,  iind  ^iiniprndrd  by  a  silk  thread,  and  then  covered  with 
two  hi'iiii>»plirfi(;il  HiirfaccH  of  brass,  which  exactly  fit  it.  When 
llir  liriMi>*plii'irH  \\\v  wilhdr.'iwn  it  will  bo  found  that  they  are 
ihar^rd  with  \\w  rlrc  Iririty,  which  has  been  entirely  taken  from 
(h<*  bri'iAM  \}\\\\, 

hiriidny  ilhinlnitrd  thin  truth  by  a  beautiful  and  original  experi- 
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«» 
ment  with  a  conical  bag  of  cotton  gauze,  around  the  opening  of 
which  an  insulated  ring  was  attached.  The  bag  was  held  dis- 
tended by  means  of  a  silk  thread  attached  to  the  apex,  and  then 
charged.  By  the  proof  plane,  he  found  that  the  charge  was 
wholly  on  the  outside.  The  bag  was  then  turned  inside  out  by 
pulling  the  thread  the  other  way,  when  it  was  found  that  the 
electricity  had  changed  sides,  and  lay  wholly  on  the  outside. 
Electricity  concentrates  on  points  and  projections ;  consequently 
its  distribution  is  materially  influenced  by  form.  As  a  rule,  an 
electrified  ball  exhibits  the  same  tension  on  every  part ;  but  if  a 
conductor  is  brought  sufficiently  near  to  the  ball,  the  distribution 
is  disturbed,  so  that  the  electric  tension  is  greatest  on  the  side 
nearest  the  conductor,  and  least  on  the  side  away  from  it.  It  is 
to  this  concentration  of  electricity  on  the  side  nearest  the  con- 
ductor that  the  electric  spark  is  due.  The  nearer  the  conductor 
approaches,  the  more  decided  the  disturbance  becomes. 

The  Leyden  jar  illustrates  very  well  the  concentration  of 
electricity  on  the  thinnest  dielectric.  When  a  conductor  of  an 
oval  shape  is  charged,  it  will  be  found  that  the  electric  tension  is 
greatest  at  the  two  extremities  and  least  in  the  centre  ;  and  as  the 
extremities  become  more  pointed  and  the  centre  more  bulky,  the 
difference  is  found  to  be  all  the  greater. 

Electric  Machines. — This  term  is  exceedingly  vague.  It  is 
applied  to  any  and  all  forms  of  electrical  apparatus.  The  first 
electric  machine  was  made  in  1672,  by  Otto  von  Guericke,*  of 
Magdeburg.  It  "consisted  of  a  globe  of  sulphur  turned  by  a 
handle,  and  rubbed  by  a  cloth  pressed  by  it  by  the  hand."  The 
common  cylinder  machine  is  the  one  that  has  been  most  familiar 
in  the  philosophical  room,  and  at  one  time  was  considerably  used 
in  electro-therapeutiqs. 

This  is  one  of  the  forms  of  apparatus  from  which  we  obtain 
statical  electricity.  Fig.  3  represents  the  common  cylinder  elec- 
trical machine,  for  developing  electricity  by  friction.  A  is  a  cylin- 
der of  glass,  firmly  supported,  and  capable  of  being  tiuned  on  its 
axis  by  a  handle,  and  E  is  a  conductor  supported  on  a  pillar, 
having  the  rubber  attached  to  it,  with  a  flap  of  silk,  K,  extending 

♦  Kxperimenta  Nova  Magdeburdica. 
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nearly  over  the  cylinder.  G  is  made  of  sheet  brass,  and  is  called 
the  prime  conductor,  because  it  receives  the  electricity  from  the 
cylinder  as  it  is  turned,  by  means  of  several  pointed  wires  extend- 
ing inwards  towards  the  cylinder.  It  is  supported  upon  a  pillar  of 
glass.  Now,  when  the  cylinder  is  turned,  electricity  is  abundantly 
developed  by  the  friction  of  the  rubber  against  its  surface,  and  is 
received  by  the  prime  conductor, 
in  which  it  accumulates. 

The  use  of  the  flap  of  silk, 
K,  is  to  prevent  the  fluid  from 
escaping  in  the  air,  as  the  cylinder 
is  turned.  When  the  machine 
operates  properly,  if  the  knuckle 
be  presented  near  the  prime 
conductor,  a  vivid  spark  passes 
between  them,  and  a  slight  sting- 
ing sensation  is  felt )  the  same 
thing  also  takes  place  on  present- 
ing the  knuckle  to  the  rubber, 
provided  it  be  insulated.  In  the 
first  case,  the  effect  is  produced  by  accumulated  positive  elec- 
tricity ;  in  the  second,  by  the  n^ative. 

EUetrophorus. — An  F.lectrophoius,  invented  by  Volta,  in  I77S> 
consists  of  a  metallic  mould,  filled  with  a  mixture  of  shellac 
and  turpentine,  and  a  movable  metallic  cover,  that  is  provided 
with  a  glass  handle.  The  surface  of  the  shellac  is  negatively 
electrified  by  beating  it  with  a  cat's  fur,  or  fox-tail.  The  cover  is 
then  put  on,  and  by  contact  becomes  negatively  electrified,  and 
gives  a  slight  spark  to  the  finger  of  negative  electricity.  If  the 
cover  be  now  removed  by  its  insulating  handle,  it  gives  positive 
electricity  to  whatever  touches  it.  This  positive  electricity  it 
acquires  not  directly  from  the  shellac,  but  by  inductive  action 
through  the  air. 

HoUz  Eledropherus   Machine. — The   best   and   most    recent 

form  of  apparatus  for   statical    electricity  is  the  electrophorus 

machine  that  was  invented  by  Holtz,*  of  Berlin,  in  1865.    In  this 

•  A  amilar  machine  was  constnideil  about  the  same  lime  by  Topler. 


Fig.  3. 
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machine  the  electricity  is  generated  not  by  friction,  but,  as  in  the 
electrophoms,  by  inductive  action.  The  machine  consists  of 
two  glass  disks  and  paper  coatings,  with  a  number  of  conductors. 
One  of  the  disks  revolves  on  its  axis ;  the  other  remains  immov- 
able.    The  disks  and  paper  coatings  are  covered  with  sealing-wax. 

The  metallic  conductors  are  made  in  a  comb-shape.  An 
inci^on  in  the  immovable  disk,  with  the  paper  coating  and  metal- 
lic conductor,  is  called  an  element.  The  machine  may  have  two, 
four,  sis,  or  eight  of  these  elements.  When  rotated  the  paper 
coating  becomes  charged  with  negative  electricity  :  the  corre- 
sponding part  of  the  movable  disk  becomes  charged  with  positive 
electricity.  The  conductor  corresponds  to  the  tinger  of  the  ex- 
perimenter. The  length  of  the  spark  produced  by  the  machine 
depends  on  the  size  of  the  disk,  which  may  be  ii,  21,  or  30 
inches  in  diameter.  These  machines  are  also  called  rotation 
multipliers,  because  by  their  rotary  motion  they  multiply  by  suc- 
cessive transmissions  the  charge  of  electricity  that  they  commu- 
nicate. 

Gold  Leaf  Electroscope. — By  this  instrument  we  are  enabled 
not  only  to  detect  the  presence,  but  to  determine  the  kind  of 
electricity  that  may  exist  in  any  body. 

Fig.  4  represents  Bennett's  electroscope.  B  isatubulatcd  glass 
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shade,  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of 
which  it  communicates  with  the  ground.  A  metal  rod  fitting  in 
the  tubulure  of  the  shade,  temiinates  at  its  upper  extremity  in 
a  knob  C,  and  at  its  lower  extremity  it  holds  two  narrow  strips  of 
gold  leaf.  On  the  inside  of  the  shade  are  two  strips  of  gold  leaf 
reaching  to  the  metal  cover. 

If  a  body  charged  with  either  kind  of  electricity  is  brought  in 
contact  with  the  knob,  the  gold  leaves  diverge.  "We  may  detect 
the  kind  of  electrici^  in  a  given  body  by  imparting  to  the  elec- 
troscope electricity  from  the  body  under  examination,  and  then 
bringing  near  it  a  rod  charged  with  positive  or  negative  electricity ; 
or  the  electroscope  may  be  charged  with  a  new  kind  of  electricity, 
and  the   electrified  body  in  question  brought  near  the  electro- 

Levden  Jar. — Electricity,  which  from  peculiar  inductive  faci- 
lities, acts  only  in  one  direction,  is  csWtA.  fixed,  bound,  qt  disguised 
tUctrieity.     It  is  from  the  action  of  the  I.*yden  jar  that  these 
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terms  are  derived.  It  is  made  of  glass,  with  a  coating  of  tin-foil 
pasted  carefully  inside  and  out,  extending  to  within  a  few  inches 
of  the  mouth. 

Through  a  varnished  wooden  cover  a  wire,  having  a  knob  at 
top,  is  passed,  and  extends  to  the  inside  coating.  Now,  when 
either  positive  or  negative  electricity  is  communicated  to  the  knob 
at  the  top,  it  is  immediately  diffused  over  the  whole  inside  coat- 
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• 
ing  ;  and  by  its  inductive  influence  the  outside  coating  takes  on 

the  o])posite  kind. 

When  in  this  state, — the  two  coatings  being  oppositely  electri- 
fied,— the  jar  is  said  to  be  charged  ;  and  a  discliar ge  takes  place 
when  a  communication  .is  established  between  the  knob  and  the 
outside  coating,  the  equilibrium  being  restored  with  a  bright  flash 
of  light  and  a  sharp  report. 

As  the  human  system  is  a  good  conductor,  this  discharge  may 
take  place  through  it,  by  grasping  the  outside  coating  with  one 
hand,  and  touching  the  knob  at  the  top  with  the  other ;  or  several 
persons  may  form  a  line  by  grasping  hands,  the  one  at  one  ex- 
treme touching  the  outside  coating,  while  the  one  at  the  other 
extreme  touches  the  knob.  All  will  feel  the  shock,  as  it  is  called,  at 
the  same  instant.  While  the  jar  is  receiving  the  charge,  it  must  not 
be  insulated;  that  is,  the  outside  must  communicate  with  the 
earth.  As  the  positive  fluid  collects  on  the  inside,  the  outside  be- 
comes negative  by  the  expulsion  of  the  positive  fluid  naturally 
in  it,  and  the  accumulation  of  the  negative  fluid  in  its  stead, 
drawn  from  the  earth.  But  if  the  outside  is  insulated,  these 
transfers  to  and  from  it  cannot  take  place,  and  therefore  the 
jar  cannot  become  charged.  The  Leyden  jar  was  discovered  in 
1746,  at  Leyden,  by  Muschenbrock.  The  discovery  has  been 
contested  by  Cuneus,  of  Leyden,  and  Kleist,  of  Pomerania,  in 
1 745.  In  the  year  following,  Franklin  studied  the  electric  phe- 
nomena of  the  Leyden  jar;  and  in  1752,  by  his  experiment 
with  a  kite,  established  the  identity  of  lightning  and  electricity. 

CURRENT   ELECTRICITY. 

Current  electricity  is  that  branch  of  the  science  of  electricity 
which  treats  of  the  electric  currents  arising,  firsts  from  chemical 
action,  more  particularly  from  that  attending  the  dissolution  of 
metals — called  also  galvanism^  or  voltaic  electricity: — secondly^ 
from  the  action  of  a  magnet,  called  magneto-electricity: — 
thirdly^  from  heat — called  thermo-electricity. 

These  varieties  are  also  called  dynamical  electricity,  signifying 
electricity  in  motion,  and  is  thus  distinguished  from  frictional  or 
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statical  electricity,  which  denotes  the  electrical  condition  of  bodies 
in  which  electricity  remains  insulated  or  stationary.  Strictly 
speaking,  these  terms — dynamical  and  statical — are  applicable  to 
both  branches  of  the  science.  If  the  poles  of  a  series  of  galvanic 
batteries  are  insulated,  they  manifest,  before  the  current  begins, 
the  electric  tension  of  a  friction  machine. 

Again,  the  characteristics  of  the  galvanic  current  are  manifested 
slightly  in  the  series  of  discharges  which  are  transmitted  in  a 
wire  connecting  the  prime  conductor  of  a  machine  in  action 
with  the  ground  or  other  negative  conductor. 

Galvanism. — In  the  year  1791,  Galvani,  professor  of  anatomy 
at  Bologna,  Italy,  announced  the  discovery,  which  he  had  made 
five  years  previously,  that  muscular  contractions  were  pro- 
duced in  the  leg  of  a  frog  recently  killed  when  two  metals, 
such  as  zinc  and  silver,  were  applied,  one  to  the  crural  nerve,  the 
other  to  the  muscles  to  which  the  nerve  is  distributed,  and  then 
brought  in  contact 

To  this  discovery  we  owe  the  science  of  galvanism. 
Simple  Galvanic  Circles, — ^Three  elements  are  necessary  in  the 
formation  of  a  simple  galvanic  circle,  of  which  two  are  usually 
metals,  and  the  third  some  liquid. 
Fig.  6  constitutes  such  a  circle. 

Let  C  and  Z  represent  respectively 
plates  of  copper  and  zinc  introduced 
into  dilute  acid,  and  connected  by  a 
wire.  An  electrical  disturbance  takes 
place  over  all  the  surface  of  the  zinc 
covered  by  the  liquid.  Positive  elec- 
tricity is  generated  at  the  zinc  element, 
and  flows  through  the  liquid  to  the  cop- 
per, and  thus  a  constant  current  is  es- 

^       ^  tablished  over  the  wires,  as  shown  by 

Fig.  6.  ^  '  -^ 

the  arrows. 

So  far  as  the  galvanic  action  is  concerned  it  matters  not  whether 

the  plates  touch  each  other,  or  are  connected  by  wires,  as  in  the 

figure.    A  current  is  formed,  whether  contact  is  made  between  the 

plates  either  above  or  below  the  liquid.     In  every  instance,  how- 
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ever,  a  circuit  must  be  formed,  around  which  the  electricity  may 
flow. 

The  stream  may  traverse  the  circuit  either  in  a  single  current 
or  in  a  number  of  partial  currents,  into  which  it  may  divide  itself 
when  the  plates  are  brought  in  contact  along  their  whole  surfaces. 
When  the  plates,  or  the  wires  which  connect  them,  are  in  contact, 
the  circuit  is  said  to  be  closed ;  when  they  are  separated,  it  is 
said  to  be  broken  or  open.  The  electricity  is  generated  wholly  by 
the  chemical  action  of  the  acid  u[)on  the  zinc,  and,  other  things 
being  equal,  the  quantity  of  electricity  set  in  motion  will  be  pro- 
portional to  the  extent  of  zinc  surface  exposed  to  the  acid. 
Both  in  simple  and  compound  circles  the  electricity  always 
moves  in  the  liquid  of  the  battery  from  the  zinc  to  the  copper  ; 
and  out  of  the  liquid,  from  the  copper  to  the  zinc.  This  should  be 
remembered,  since  the  zinc  is  called  the  electro-positive  element, 
although  *  out  of  the  liquid  it  is  negative ;  and,  consequently,  in 
the  decomi)osition  that  occurs  in  the  battery,  that  element  which 
goes  to  the  zinc  pole  is  called  the  electro-positive  element,  being 
attracted  by  its  opposite  force  ;  while  the  element  going  to  the  cop- 
per is  called,  for  the  same  reason,  the  electro-negative.  Two  liquids 
and  one  metal  can  also  produce  a  circuit  as  w^ell  as  one  liquid 
and  two  metals.  Becquerel's  oxygen  battery  (pile  h  oxygene)  is 
one  of  the  best  arrangements  of  this  kind.  The  current  is  pro- 
duced by  the  action  of  caustic  potash  on  nitric  acid,  platinum 
fonning  the  conducting  arc. 

Homogeneity  of  the  Circuit, — In  frictional  electricity  there  are 
points  which  form  the  seat  of  -f  or  —  electricity.  On  the  con- 
trary, in  a  wire  where  a  galvanic  current  is  circulating,  there  are 
no  such  |)oints.  It  appears  to  be  electrically  homogeneous 
throughout.  It  may  be  handled,  and  it  feels  in  no  way  different 
when  a  current  is  passing  and  when  it  is  not.  The  galvanic  cur- 
rent has  no  power,  like  statical  electricity,  to  repel  and  attract 
light  objects.  It  possesses  the  same  amount  of  force  at  every 
point,  and  its  magnetic,  chemical,  and  heating  effects  are  the 
same  wherever  tested  in  the  wire. 

Electrical  Relations  of  the  Elements, — In  the  galvanic  cell,  by 
the  decomposition  of  the  water,  oxygen  arises  at  the  ix)sitive  ])ole, 
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and  hydrogen  at  the  negative.  Now,  not  only  the  metals,  but 
also  these  elements  (oxygen  and  hydrogen),  assume  opposite 
electricities.  The  zinc  is  +,  as  is  also  the  oxygen  which  it  liber- 
ates. The  copper  is  — ,  and  so  is  the  hydrogen  which  it  liber- 
ates. The  elements  have  been  arranged  as  to  their  electro-chemi- 
cal relations  when  associated  in  pairs  in  the  galvanic  cell.  Some 
of  the  most  common  are  here  arranged.  We  begin  with  the  most 
electro-positive,  and  end  with  the  least  positive,  or  negative. 
•  . 

si         E  .  ^      c  b     2 
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Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair 
in  the  proper  fluid,  with  any  one  of  the  elements  below  it,  gene- 
rates positive  electricity  and  becomes  electro-positive,  but  when 
associated  with  any  one  of  the  elements  above  it,  becomes  electro- 
negative. 

The  more  electro-negative  any  one  of  the  elements  in  this 
series  is  to  a  given  element,  the  more  intense  will  be  the  current 
generated  when  they  are  united  in  a  galvanic  pair.  For  example, 
the  current  generated  by  zinc  and  copper  is  less  in  intensity  than 
that  obtained  from  zinc  and  platinum,  and  still  less  when  carbon 
is  substituted  for  the  platinum.  The  order  in  the  above  arrange- 
ment is,  however,  by  no  means  absolute. 

The  relative  position  of  the  metals  depends  frequently  on  the 
li(iuid  in  which  they  are  immersed.  Thus  silver  is  —  towards  lead 
in  a  solution  of  dilute  sulphuric  acid,  while  in  a  solution  of  cya- 
nide of  potassium  it  is  -f  towards  it. 

I^cal  Action. — Sir  Humphrey  Davy  discovered  that  a  plate  of 
zinc,  when  attached  to  the  copper  sheathing  of  ships,  below  the 
water,  protected  150  tiinoH  its  own  surface. 

Iron  is  readily  alTcctcd  by  hydrochloric  acid  ;  but  if  a  piece  of 
zinc  be  put  into  the  acid,  aud  niado  to  touch  the  iron,  the  latter 
will  remain  unatTcctcd  until  tlu'  zinc  has  first  been  dissolved.  By 
this  it  is  seen  that  whenever  iron  or  copper  is  exposed  to  corrosive 
action  they  may  be  protected  fron»  it  l»y  coupling  them  with  zinc. 
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On  the  contrary,  when  zinc  is  coupled  with  a  metal  that  is 
negative  to  it,  it  readily  corrodes ;  hence,  whenever  zinc  is  used 
in  connection  with  any  other  metal,  as  in  the  construction  of  a 
zinc  roof,  it  is  necessary  to  use  zinc  nails,  instead  of  iron  or  cop- 
per ones.  We  see  by  these  illustrations,  and  by  reference  to  the 
table,  that  the  electro-negative  metal  remains  wholly  unaffected 
when  placed  with  the  electro-positive  in  some  exciting  liquids. 

Amalgamation, — If  pure  zinc  is  immersed  in  dilute  sulphuric 
acid  no  change  is  manifest,  while  ordinary  commercial  zinc  is 
quickly  dissolved  by  it. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
cause,  not  only  consumes  the  power  of  that  member,  but  reduces 
the  energy  of  the  whole  series.  In  order  to  avoid  this  evil  result- 
ing from  local  action,  it  is  necessary  that  the  zinc  plates  be 
amalgamated  with  mercury. 

The  amalgamated  surfaces  are  reduced  to  one  uniform  electri- 
cal condition,  and  will  remain  in  the  fluid  for  any  length  of  time 
unacted  on,  until  connected  with  the  electro-negative  element. 

At  the  present  time  all  improved  batteries  are  constructed  with 
amalgamated  zinc.  Amalgamated  zinc  was  first  used  for  galvanic 
batteries  by  Kemp,  in  1826. 

Theoretical  Views, — In  order  to  explain  the  ordinary  phenomena 
of  electricity  generated  hy  friction,  two  theories  were  at  first  pro- 
posed. Dr.  Benjamin  Franklin  proposed  the  first,  which  is  called 
the  Franklinian  hyi>othesis.  It  supposes  that  there  is  a  simple, 
highly  elastic,  and  subtile  fluid,  that  is  self-repellent,  and  that  per- 
vades and  attracts  all  matter.  WHiile  in  their  natural  state,  bodies 
have  this  fluid  equally  distributed  over  them,  but  when  a  substance, 
such  as  a  glass  tube,  is  rubbed  with  a  pi^e  of  silk,  the  electrical 
equilibrium  is  disturbed.  The  glass  becomes  charged  with  more 
than  the  natural  amount  of  electricity,  while  the  silk  becomes 
undercharged. 

Du  Fay  proposed  the  second  theory.  He  supposed  that  two 
highly  elastic  imponderable  fluids  (the  particles  of  which  are 
self-repellent,  but  attractive  of  each  other)  existed  in  all  unexci- 
ted  bodies,  in  a  state  of  combination  and  neutralization. 

Du  Fay's  theory  supposes  that  in  the  simple  experiment  with 
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the  glass  and  silk  the  electric  fluids  become  separated,  and  the 
electrical  excitement  in  the  glass  continues  until  an  equal  amount 
of  opposite  electricity  to  that  excited  has  been  restored  to  it.  In 
most  cases,  when  glass  or  other  vitreous  substances  is  rubbed,  the 
electricity  which  they  acquire  is  the  opposite  of  that  obtained 
when  sealing-wax  is  subjected  to  friction ;  hence  the  former  is 
called  vitreous  or  positive,  and  the  latter  resinous  or  negative 
electricity. 

Faraday,  in  his  theory  of  electric  action  by  induction,  assumes 

that  electricity  may  be  nothing 

more  than  a  molecular  property 

of  matter,   and  thus   seems  to 

overturn  the  other  theories. 

/  /'  \  \  "According  to  the  views  taken 

b/  /  \   J**       of   the  propagation  of  electnc 

Fig.  7.  force    by  molecular  action,  we 

may  consider  the  molecules  of 
the  interpolar  wire  to  be  shown  in  Fig.  7,  C  being  the  copper 
end,  and  Z  the  zinc  end,  the  shaded  part  being  +  and  the 
unshaded  — .  The  first  effort  of  the  electric  force  developed 
by  the  chemical  affinity  of  the  zinc  for  the  O  or  SO4  is  to 
throw  all  the  molecules  of  the  circuit  into  a  polar  condition, 
the  force  being  transmitted  from  molecule  to  molecule  in  both 
directions,  -h  and  —  electricities  appear  in  each  molecule  of 
the  circuit ;  and  if  the  action  be  powerful  enough,  discharge 
takes  place  throughout  the  whole,  each  molecule  giving  out  its 
electricities  to  those  next  it,  which,  throwing  out  the  opposite 
electricities,  produce  electric  quiescence  throughout  A  con- 
stant series  of  such  polarizations  and  discharges  constitutes  a 
current.  There  is  thus  only  a  transmission  of  force  throughout 
the  circuit,  but  no  transmission  of  the  -f  and  —  electricities. 
Each  molecule^  in  fact,  may  be  looked  upon  as  a  small  galvanic 
pair,  which,  by  the  action  of  electric  force,  is  made  to  act 
and  discharge  hoi  no  what  like  the  galvanic  pair  which  is  the  seat 
of  the  force. 

"  Accordingly,  whatever  portion  of  the  circuit  without  the  liquid 
we  take,  such  as  that  in  the  figure,  we  find  the  face  of  the  termi- 
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I'twl  molecule  next  the  copper  end  or  pole  — ,  and  that  of  the  like  j 
molecule  towards  the  zinc  +.  Each  portion  of  the  circuit,  like  i 
each  molecule  of  which  it  is  made  up,  shows  opposite  polarities,  [ 
and  discharges  opposite  electricities  at  each  end 

"  The  same  holds  within  the  liquid,  only  the  chemical  affinity 
that  gives  rise  to  the  current  and  the  mobility  of  its  molecules 
causes  and  permits  an  interchange  of  molecules  ;  just  as  if  each  j 
half  of  the  molecules  in  Fig.  7  were  at  each  discharge  joined  to  1 
the  succeeding  one. 

"  This  interchange  is  not  possible,  even  were  there  a  tendency  i 
to  it  in  the  solid  part  of  the  circuit."* 

Compound  Galvanic  Circles. — The  conipound  galvanic  circle  ] 
or  galvanic  battery  is  composed  of  two  or  more  simple  galvanic 
:les.     They  are  so  connected  together  that  the  copper  of  one 
lery  is  joined  to  the  zinc  of  the  next,  and  so  on  throughout   | 
By  combining  together  a  number  of  cups,  such  as 
represented  in  Fig.  8,  we  form  an  excellent  compound  circuit    E^ch    | 
cup  contains  a  zinc  and  a  copjier  plate,  which  are  connected  to- 
gether as  described  above.     By  examining  this  arrangement  it 
,1  be  seen  that  one  extreme  of  the  series  is  coi>per  and  the  other 
If  these  two  extremes  or  poles  are  connected  by  a  copper 


!,  the  current  will  flow  in  the  direction  of  the  a 
nigh  the  scries  and  over  the  wires. 

"  Ferguson,  op.  ci(.,  p.  118. 
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GALVANIC    BATTERIES. 

Under  this  head  may  properly  be  included  first  a  description  of 
the  voltaic  pile,  which  was  constructed  by  Volta  in  1799,  and  be- 
came known  in  England  in  iSoo.  The  apparatus  consists  of  a 
number  of  disos  piled  one  above  the  other.  The  arrangement  is 
in  the  following  order :  A  disc  of  copper  is  placed  on  a  frame  of 
wood  ;  a  disc  of  cloth,  moistened  by  acidulated  water,  is  then 
j>laced  on  the  copper,  and  then  a  disc  of  zinc  on  the  cloth  com- 
pletes what  is  called  the  voltaic  couple,  A  series  of  such  couples 
constitutes  a  voltaic  pile — the  terminal  copper  being  the  positive, 
and  the  terminal  zinc  the  negative  pole. 

This  apparatus  is  inconstant  and  unreliable,  easily  corrodes,  has 
many  inconveniences,  and  is  now  but  little  used.  Wollaston's 
battery  and  Har^s  defiagrator  are  improved  modifications  of  the 
voltaic  pile.  Even  the  latest  modifications  are  too  inconstant  for 
electro-therapeutical  purposes. 

Constant  Currents. — What  are  commonly  called  constant  cur- 
rents are  generated  from  batteries  composed  of  elements  with  two 
liquids.  The  current  produced  by  eleirtenls  with  a  single  liquid 
becomes  more  rapidly  enfeebled  than 
the  former,  because  of  the  polariza- 
tion, or,  in  other  words,  the  de)>osilion 
of  hydrogen  on  the  surface  of  the  neg. 
ative  tnelal. 

This  polarization  or  deposition  of 
hydrogen  is  prevented,  in  the  follow- 
ing batteries  of  Daniell,  Grove,  and 
Bunsen,  by  placing  the  electro-nega- 
tive element  in  a  liquid  that  is  acted 
upon  chemically  by  the  deposited  hy- 
drogen. 

Danielts  Battery. — Fig.    9  repre- 
>■](-..  9.  sents  a  single  cell.     V  is  a  glass  or 

porcelain  vessel  nearly  filled  with  a 
saturated  solutioii  of  sulphate  of  copper.  C  is  a  cylinder  of  cop- 
per, open  at  both  ends  and  perforated  by  a  number  of  holes.     G, 
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which  is  also  perforated  by  holes,  is  an  annular  shelf  at  the 
upper  portion  of  the  zinc  cylinder,  upon  which  crystals  of  sul- 
phate of  copper  may  be  placed,  to  supply  the  waste  in  the  cell 
caused  by  the  electrical  action. 

P  is  a  thin  porous  vessel  of  unglazed  earthenware,  containing 
the  amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of 
conunon  salt  or  dilute  sulphuric  acid.  The  elements  are  con- 
nected in  series  by  strips  of  copper,  /  and  /r,  which  are  fixed 
to  the  copper  and  zinc  by  means  of  binding-screws.  WTien  the 
circuit  in  the  battery  just  described  is  closed,  the  action  of  the 
acid  on  the  zinc  produces  hydrogen,  which  is  liberated  on  the 
surface  of  the  copper  cylinder.  Its  action  here  is  to  reduce  the 
sulphate  of  copper  which  it  meets,  forming  sulphuric  acid  and 
metallic  copi>er. 

The  metallic  copper  thus  formed  is  dep>osited  on  the  copper 
vessel,  while  the  sulphuric  acid  permeates  the  ]>orous  cylinder  and 
so  replaces  the  acid  used  up  by  its  action  on  the  zinc  Since  the 
union  of  the  hydrogen  with  the  sulphate  of  copper  fonns  a  regu- 
lar quantity  of  sulphuric  acid,  and  in  proportion  to  the  decomjx)- 
sition  of  the  acid  in  the  p>orous  cylinder,  the  action  of  the  acid  on 
the  zinc  here  is  also  regular,  and  a  constant  current  is  necessa- 
rily the  result. 

The  ciuxent  obtained  from  this  battery  will  flow  with  undimin- 
ished strength  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows 
in  constancy.     DanielFs  battery  was  invented  in  1836. 

Groves  Battery, — This  battery  differs  from  DanielPs  mainly  in 
the  substitution  of  a  nitric  acid  for  a  sulphate  of  copper  solution, 
and  platinum  for  copper,  by  which  increased  electro-motive  force 
is  obtained.  In  Fig.  i  o,  A  represents  a  glass  vessel  containing  dilute 
sulphuric  acid,  Z  a  cylinder  of  zinc  open  at  both  ends,  and  V  a 
porous  pipeclay  vessel  partially  filled  with  nitric  acid.  P  is  a 
plate  of  platinum,  with  a  cover,  C,  which  rests  on  the  porous  ves- 
sel when  the  platinum  is  immersed  in  the  nitric  acid  solution ;  b 
and  a  are  binding-screws  which  connect  respectively  with  the 
platinum  and  zinc. 

In  this  arrangement,  hyponitrous  acid  is  formed  by  the  union  of 
the  hydrogen  with  the  nitric  acid,  and  is  either  dissolved  or  dis- 
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engaged  as  nitrous  ftimes.  In  this  way  the  hydrc^en  is  prevented 
from  adhering  to  the  platinum  plate,  and  so  interfering  with  the 
intensity  of  the  current.     Grove's  battery  was  invented  in  1839. 


Bunsen's  Battery. — This  battery  is  very  similar  to  Grove's.    Il 
differs  from  it  only  in  the  substitution  of  carbon  for  platinum. 
The  letter  P  in  Fig.  1 1  represents  a  single  clement,  as  it  appeara-J 
when  ready  for  use.  I 


F  is  a  vessel  of  glass  containing  dilute  sulphuric  acid.  Z,  a 
cyhnder  of  amalgamated  zinc,  V,  a  porous  vessel  partly  filled 
with  ordinary  nitric  acid  ;  and  C,  a  bar  of  carbon  or  coke.  The 
zinc  is  first  placed  in  the  vessel  F,  after  which  the  porous  vessel 
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V,  into  the  nitric  acid  solution  of  which  the  carbon  C  has  been 
immersed,  is  inserted  into  the  zinc  cylinder.  The  binding-screws 
m  and  n  are  respectively  the  positive  and  negative  poles.  The 
elements  are  arranged  in  the  form  of  a  compound  battery,  by 
means  of  the  clamp  m,  n,  and  a  rod  connecting  the  carbon  of  one 
cell  with  the  zinc  of  the  following. 

In  our  own  practice  with  this  battery,  we  have  substituted  the 
following  solution  for  the  nitric  acid  : — 

Bichromate  of  potash |  j. 

Sulphuric  acid f  1  ij- 

Water |  xvj. 

Mix. 

While  the  action  of  Bunsen*s  battery  is  the  most  energetic  of 
all  the  constant  batteries,  and  while  the  first  cost  is  less  than 
Grove's,  it  is  yet  more  expensive  to  work  and  more  inconven- 
ient to  manipulate.     Bunsen's  battery  was  invented  in  1843. 

Sme^s  Battery,^ — ^This  arrangement  is  not  only  economical  and 
convenient,  but  is  also  very  clean.  Each  element  consists  of  a 
plate  of  platinum  between  two  plates  of  zinc.  It  cannot  really 
be  called  a  constant  battery,  since  only  one  liquid  (sulphuric  acid) 
is  used.  As  in  the  batteries  just  described,  hydrogen  is  prevent- 
ed from  adhering  to  the  negative  plate.  This  is  accomplished  by 
sprinkling  over  the  platinum  a  quantity  of  finely-divided  platinum. 
This  lessens  the  resistance  of  the  battery,  by  facilitating  the  disen- 
gagement of  the  hydrogen.  Smee's  battery  was  invented  in  1840. 
The  electro-motive  force  of  these  batteries  is  relatively  as 
follows : — 

Bunsen's  element 839 

Grove's         "       829 

DanielPs       "       470 

Smee*s  "       210 

Quantity  and  Tension  of  the  Electric  Current. — ^The  quantity  of 
electricity  generated  by  any  apparatus  is  proportioned  to  the 
amount  of  chemical  action  that  takes  place  in  the  battery.  In- 
tensity, or  tension,  is  that  power  that  enables  it  to  overcome 
resistances  that  may  impede  the  progress  of  the  current.     The 

*  A  cut  of  this  battery  is  given  in  the  description  of  Kidder's  apparatus. 
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electricity  of  a  thunder-storm  is  great  in  intensity,  but  exceed- 
ingly small  in  quantity.  On  the  contrary,  that  which  is  gene- 
rated by  any  ordinary  form  of  battery  has  comparatively  a  great 
deal  of  quantity,  but  little  intensity.  It  has  been  estimated  by 
Faraday,  that  if  a  wire  of  zinc  and  one  of  platinum,  -^  of  an 
inch  thick,  be  immersed  %  of  an  inch  in  a  solution  of  one  drop  of 
sulphuric  acid  to  four  ounces  of  water,  they  will  produce,  in  three 
seconds,  as  great  a  quantity  of  electricity  as  thirty  turns  of  a  fifty- 
inch  plate  machine.  The  quantity  supplied  by  any  battery  may 
be  increased  by  increasing  the  chemical  action  that  takes  place  in 
it,  either  by  making  it  larger  or  by  strengthening  the  acid  solu- 
tion. The  actual  quantity  of  electricity  flowing  over  the  wires 
which  connect  the  poles^  or  electrodes  of  a  compound  battery  is  no 
•greater  than  the  amount  generated  during  the  same  time  in  a 
single  cell  of  the  battery. 

The  action  of  the  liquid  upon  the  surfaces  of  the  zincs  causes 
the  same  electrical  disturbance  in  each  cell.  The  liquid  becomes 
positive,  while  the  zinc  above  the  liquid  becomes  negative.  The 
positive  electricity  of  the  liquid  is  conducted  through  the  copper 
plate  to  the  negative  zinc  of  the  next  cup,  where  it  becomes  ex- 
actly neutralized.  While  the  quantity  of  electricity  of  a  com- 
pound battery  is  not  increased,  however  extensive  the  series  may 
be,  it  will  be  found  that  its  intensity  is  very  much  greater  than 
can  be  obtained  from  a  single  cell.  The  current  from  a  single 
pair  of  plates,  however  large  they  may  be,  is  exceedingly  feeble, 
and  will  not  flow  unless  the  polar  wires  are  brought  in  contact. 
In  a  compound  circuit,  if  the  series  be  suflliciently  extensive,  the 
connecting  wes  may  be  separated  a  little  distance,  and  the  cur- 
rent will  continue  to  pass  between  them  with  a  brilliant  flame. 

The  relative  meaning  of  these  terms,  quantity  and  intensity^ 
may  be  best  understood  by  an  illustration.  A  gallon  of  water, 
heated  to  ioo°,  has  a  much  greater  quantity  of  heat  than  a  pint 
heated  to  500®  ;  but  the  heat  of  the  latter  is  much  more  intense. 

An  electro-motor  is  the  cell  or  battery  that  generates  the  current. 

The  quantity  or  strength  of  the  electric  current  is  proportioned 
to  the  amount  of  chemical  action,  or  "  the  quantity  of  zinc  dis- 
solved in  a  given  time."     It  is  estimated  in  Uiree  different  ways. 
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I  St  By  the  temperature  to  which  it  raises  a  wire  of  given  thick- 
ness and  material.  2d.  By  its  iK)\ver  to  deflect  the  magnetic 
needle.     3d.  By  the  chemical  decomposition  it  effects. 

The  electro-motive  force  is  "  the  power  to  keep  electricity  in 
motion,  and  to  maintain  a  current  against  resistance.*'  This  force 
may  be  measured  by  means  of  a  condensing  electrometer. 

Before  the  circuit  of  a  battery  is 
closed,  the  —  p>ole  should  be  con- 
nected with  the  ground,  and  the  -h 


pole  with  the  electrometer.  ^      \(\^         I J 

The  attraction  or  repulsion  of  the 


gold  leaves  will  indicate  the  electro-  y\g,  12. 

motive  force  of  the  current.     Resist- 
ance  is  that  which  prevents  the  electro-motive  force   from  de- 
veloping the  strength  of  the  current. 

Astatic  Galvanometer, — The  galvanometer  is  used  either  to 
discover  the  existence  of  a  current,  or  to  measure  the  strength 
of  a  weak  current.  Let  A  and  B,  Fig.  1 2,  represent  two  needles  of 
about  equal  strength,  having  the  same  axis,  and  having  their  poles 
reversed  in  reference  to  each  other.  The  needles  will  settle 
a  very  little  in  the  meridian,  from  the  fact  that  one  of  them  is 
very  slightly  more  highly  magnetized  than  the  other. 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several 
times.  When  a  current  is  passed  through  this  wire,  the  needles 
will  be  influenced  to  turn  in  the  same  direction.  In  this  way  the 
passage  of  the  most  feeble  current  may  be  detected.  In'  con- 
nection with  a  thermo-electric  pile,  this  instrument  is  capable  of 
indicating  a  change  of  temperature  of  only  a  very  small  fraction 
of  a  degree. 

Ohnis  Law, — ^This  law  assumes  that  the  electro-motive  force 
for  any  galvanic  pair  is  constant,  and  that  the  quotient  which 
results  from  dividing  this  force  by  the  resistance  of  the  circuit, 
equals  the  strength  of  the  current  produced  by  the  pair.  To 
estimate  the  effective  force,  then,  of  any  simple  galvanic  arrange- 
ment, it  is  necessary  to  consider  three  things  : — ist.  The  tension 
of  the  electric  fluid,  or  the  electro-motive  force  ;  2d,  the  resistance 
occasioned  by  the  wires  connecting  the  poles  ;  3d,  the  resistance 
due  to  the  liquid  within  the  battery. 
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Let  the  absolute  tension  be  represented  by  /,  while  /  represents 
the  resistance  of  the  liquid  within  the  battery,  and  r  the  resist- 
ance of  the  wire  connecting  the  two  poles.     Let  A  represent 

the  effective  force.     Naturally,  then,  A  =  .      By  this  for- 

mula  we  see  that  the  effective  power  of  the  battery  will  be  pro- 
portional to  the  absolute  tension  of  the  current,  and  inversely 
as  the  sum  of  the  resistance  of  the  liquid  within  the  cell  and 
that  of  the  interpolar  wire. 

In  applying  this  same  law  to  a  compound  series,  suppos- 
ing n  to  represent  the  whole  number  of  cells,    we  have  the 

nt 
formula :  A  =  —  -7-—.  The  effective  power,  then,  is  propor- 
tional to  the  electro-motive  force  of  each  cell  multiplied  by  the 
number  of  cells,  and  inversely  as  the  resistance  of  the  inter- 
polar wire  and  the  liquid  of  the  cells.  The  resistance  of  the 
wire  will  depend  uix>n  its  length,  and  inversely  on  its  thick- 
ness or  diameter.  The  resistance  offered  by  the  liquid  will  be 
proportional  to  its  quantity,  and  inversely  as  its  conducting  power. 

Electro-Magnetism. — In  the  year  1820,  the  law  of  electro- 
magnetic attraction  and  repulsion  was  first  made  known  by  Prof. 
Oersted,  of  Copenhagen. 

Amphris  Theory  of  Magnetism. — Soon  after  this  discovery  of 
Oersted,  M.  Amp^,  of  Paris,  advanced  the  idea  that  a  series 
of  electrical  currents  circulated  about  the  earth  from  east  to 
west,  nearly  at  right  angles  to  its  magnetic  axis.  By  thermo- 
electricity (generated  by  the  rays  of  the  sun  falling  upon  the 
surface  of  the  earth  and  encircling  it  with  a  series  of  spiral 
lines)  he  proposed  to  account  for  the  phenomena  of  magnetic 
induction  and  of  terrestrial  magnetism.  According  to  Amp^e, 
each  particle  of  a  magnet  has  currents  circulating  about  it  in  the 
same  direction  ;  but  all  these  currents  may  be  regarded  as  equiv- 
alent to  a  single  stn>ng  current  that  circulates  round  the  magnet 
as  a  whole.  Ikforc  iron  or  steel,  for  example,  is  magnetized, 
these  currents  run  in  different  directions,  so  that  their  effect  as 
a  system  is  lost. 

Induction  causes  them  to  run  in  the  same  direction  ;  and  when 
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magnetization  is  perfect,  the  various  currents  run  parallel  to  each 
other.  Steel  ofTers  great  resistance  to  this  disposition  of  the  cur- 
rents in  parallel  lines,  while  soft  iron  offers  no  such  resistance. 

Helix. — Magnetism  is  induced  in  a  bar  of  soft  iron  by  the 
simple  passage  of  a  current  near  it,  in  a  direction  at  right  angles 
to  the  bar.  If,  however,  the  wire  (Fig,  13)  encircles  the  iron 
many  times,  this  effect  will  be  much  increased.  Let  a  current 
be  passed  over  the  wire  in  the 
direction  of  the  arrows,  and 
the  iron  within  will  become 
strongly  magnetic,  with  its 
poles  as  shown  by  the  let- 
ters S  and  N.  If  the  en- 
closed iron  be  not  too  heavy, 
it  will  be  drawn  to  the  centre  "  ""  "''' 

and  held  suspended  there. 

When  the  current  is  broken,  the  iron  ceases  to  be  magnetic ; 
while,  if  a  bar  of  hardened  steel  be  substituted  for  the  iron,  it 
will  retain  its  magnetism  permanently.  Such  a  coil  of  wire  is 
called  a  helix,  and  a  magnet  formed  in  the  manner  described  is 
termed  an  electro-magnet.  Fig.  14  represents  the  general  form 
of  an  electro-magnet. 

It  is  composed  of  a  bar  of  soft  iron,  bent  into  the  form  of  a 
horseshoe.     An  insulated  wire  is  coiled  _ 

round  its  extremities.  When  a  current 
of  electricity  is  passed  through  the  coil, 
the  horseshoe  bar  becomes  magnetic, 
and  attracts  the  armature.  If  the  cur- 
rent is  broken,  the  bar  becomes  demag- 
netized and  the  armature  falls  to  the 
ground.  Permanent  magnets  possess 
much  less  power  than  electro-magnets. 

If  the  iron  bar  within  the  helix  be 
more  than  a  third  of  an  inch  in  thick- 
ness, and  the  current  be  of  moderate  „ 
strength,  the  magnetism  induced  is  in 
proportion  to  the  strength  of  the  current,  and  of  the  number  of 
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turns  in  the  coil.  Additionaf  coils  of  the  wire  give  no  increased 
magnetism,  if  the  bar  is  thinner  than  one-third  of  an  inch.  In 
this  case  maximum  is  soon  reached.  Again,  if  the  circuit  is  made 
very  long,  thus  reducing  the  strength  of  the  current,  the. advan- 
tage usually  gained  by  the  thick  bar,  and  by  increasing  the  num- 
ber of  coils,  may  be  lost.  The  iron  bar  should  be  perfectly  pure 
and  well  annealed,  in  order  that  the  electro-magnet  may  quickly 
acquire  and  as  quickly  lose  its  magnetism  on  closing  and  break- 
ing the  circuit 

Current  Induction. — If 
tfc^^_^^___^^^^K^=  a  current  of  electricity  is  pass- 
_  ed    through   any    conductor, 

V  ™^^^"^        it   will    induce   a  current   in 

Fig-  15.  the  opposite   direction    in    a 

second  conductor  situated 
parallel  to  die  first.  I..el  A  B  be  a  wire  connected  at  either  ex- 
tremity  with  the  poles  of  a  galvanic  battery,  and  M  N  a  second 
wire  parallel  and  near  to  the  first.     As  soon  as  the  circuit  is 


Fig.  16. 

formed,  and  a  current  passes  from  -|-  to  ~,  a  secondary  current 
is  induced  in  the  second  wire,  but  in  an  opposite  direction. 

This  current  is,  however,  but  for  an  instant.  As  soon  as  the 
circuit  is  broken,  an  instantaneous  current,  with  its  direction  re- 
versed, is  again  established  in  the  second  wire. 

Fig.    16    "represents    an    api>aratus   devised    by    Matteucci, 
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which  is  very  well  adapted  for  showing  the  development 
of  induced  currents,  produced  either  by  the  discharge  of 
a  Leyden  jar  or  by  the  passage  of  a  voltaic  current  It 
consists  of  two  glass  plates,  about  12  inches  in  diameter,  fixed 
vertically  on  the  two  supports  A  and  B.  These  supports  are  on 
movable  feet,  and  can  either  be  approached  or  removed  at  will. 
On  the  anterior  face  of  the  plate  A  are  coiled  about  30  yards  of 
copper  wire,  C,  a  millimetre  in  diameter.  The  two  ends  of  this 
wire  i)ass  through  the  plate,  one  in  the  centre,  the  other  near  the 
edge,  tenninating  in  two  binding-screws,  like  those  represented 
in  w  and  n  on  the  plate  B.  To  these  binding-screws  are  at- 
tached two  copper  wires,  c  and  //,  through  which  the  induced 
current  is  passed. 

"  On  the  face  of  the  plate  B  which  is  towards  A  is  enrolled  a 
spiral  of  much  finer  copper  wire  than  the  wire  C.  Its  extremities 
terminate  in  the  binding-screws  w  and  «,  on  which  are  fixed  two 
wires,  //  and  /,  intended  to  transmit  the  induced  current.  The 
two  wires  on  the  plates  are  not  only  covered  with  silk,  but  each 
circuit  is  insulated  from  the  next  one  by  a  thick  layer  of  shellac 
varnish,  a  condition  necessary  in  ex[)erimenting  with  statical  elec- 
tricity, which  is  always  more  difficult  to  insulate  than  that  of  the 
voltaic  current,  in  consequence  of  its  greater  tension.  In  order 
to  show  the  production  of  the  induced  current  by  the  discharge 
of  a  Leyden  jar,  one  end  of  the  wire  C  is  connected  with  the 
outer  coating,  and  the  other  end  with  the  knob  of  the  Leyden  jar 
as  shown  in  the  figure.  When  the  spark  passes,  the  electricity 
traversing  the  >vire  C  acts  by  induction  on  the  neutral  fluid  of  the 
wire  on  the  plate  B,  and  produces  an  instantaneous  current  in 
this  wire.  A  i)erson  holding  two  copper  handles  connected  with 
the  wires  /  and  //  receives  a  shock,  the  intensity  of  which  is 
greater  in  proportion  as  the  plates  A  and  B  are  nearer. 

**  This  experiment  proves  that  frictional  electricity  can  give  rise 
to  induced  currents  as  well  as  voltaic  electricity.  The  above  ap- 
paratus can  also  be  used  to  show  the  production  of  induced  cur- 
rents by  the  influence  of  voltaic  currents.  For  this  purpose  the 
current  of  a  battery  is  passed  through  the  inducing  wire  C,  while 
the  ends  of  the  other  wire  //  and  /  are  connected  with  a  galvan- 
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ometer.  At  the  moment  at  which  the  current  commences  o 
ishes,  or  when  the  distance  of  tht  two  conductors  is  varied,"  * 
onda.ry  currents  are  manifested  in  the  wires  J  and  h. 

As  the  secondary  current  flows  in  a  direction  opposite  to  that 
of  the  battery  current,  so  the  tertiary  flows  in  a  direction  opposite 
to  the  secondary.  This  law  holds  good  throughout  the  whole 
series, — the  strength  of  the  current  diminishing  as  the  distance 
from  the  battery  increases. 

The  manifestation  of  electrical  action  in  the  secondary  coil,  J 
U])on  closing  and  breaking  the  circuit,  is  called  the  electric  throb,  ] 
while  the  passive  condition  of  the  wire  while  under  induction  has  1 
been  described  by  Faraday  as  electro-tonic. 


1>1>:.    i;. 

If  Uie  priiuniy  roil  bo  movable,  so  thai  It  can  be  brought  in 
closer  pruximity  l«  the  secondary  coil  while  the  current  is  jiass- 
ing,  ai»  invemc  ciineni  in  |irotluced  at  the  moment  of  its  approach 
the  same  nn  when  the  circuit  in  closed.  If  now  the  primary  coil 
be  withdrawn,  a.  direct  ctirrcnl  l«  produced,  the  same  as  when 
the  circuit  ii  brokim,  Ah  lonn  a*  the  primary  coil  remains  in  one 
*  llMiiil'i  I'liytlia,  Am.  M,  |^  74r. 
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position,  all  evidence  of  electricity  in  the  secondary  wire  disap- 
pears. If,  however,  while  in  this  position,  the  strength  of  the 
primary  current  be  increased  or  diminished,  momentary  currents 
are  established  in  the  secondary  coil ;  the  inverse  following  the 
increase,  and  the  direct  current  following  the  decrease  in  the 
strength  of  the  primary  current.  From  these  facts  we  conclude 
that  "  a  current  which  begins^  a  current  which  approaches^  or  a 
current  which  increases  in  strength^  induces  an  inverse  momen- 
tary current  in  a  neighboring  conducting  circuity  and  that  a  cur- 
rent which  stopSy  a  current  which  retires^  or  a  current  which  de- 
creases in  strength^  induces  a  direct  momentary  current  in  a 
neighboring  circuit'^  *  In* thus  experimenting,  it  is  much  more 
convenient  to  wind  the  wires  on  separate  bobbins,  so  that  one 
may  be  placed  within  the  other,  as  represented  in  Fig.  1 7. 

Let  A  represent  the  primary  coil,  which  is  composed  of  wool- 
covered  wire,  -^  of  an  inch  in  diameter ;  and  B,  the  second- 
ary coil,  of  silk-covered  wire,  much  longer  than  the  other,  and 
about  -^-Q  of  an  inch  in  diameter.  Now  let  the  secondary  coil 
be  connected  with  the  galvanometer,  G,  by  means  of  the  two 
binding-screws,  while  the  primary  coil,  by  two  loose  and  flexi- 
ble wires,  is  placed  in  the  circuit  of  a  galvanic  cell.  As  soon  as 
A  is  inserted  into  B,  a  momentary  inverse  current  is  indicated.  If 
it  be  withdrawn,  the  galvanometer  indicates  a  momentary  direct 
current  While  the  primary  coil  remains  in  the  secondary,  the 
needle  announces  the  induction  of  currents  according  to  the  prin- 
ciples stated  above,  whenever  the  strength  of  the  primary  cur- 
rent is  increased  or  diminished. 

Extra-Current. — The  extra-current  is  that  which  is  induced  by 
the  current  in  each  coil  or  winding  on  the  other  adjacent  coils. 

The  coils  act  inductively  on  each  other  both  at  the  opening  and 
the  closing  of  the  circuit. 

The  electro-motive  force  of  the  extra-current  bears  a  uniform 
relation  to  the  intensity  of  the  primary  or  inducing  current. 

Rheotome^  or  Current  Break, — ^The  rheotome  is  a  contrivance 
for  completing  and  breaking  the  primary  current.  This  arrange- 
ment is  necessary  in  order  to  obtain  any  very  great  effect  from  the 

*  Ferguson,  op.  cit.,  p.  184.  ^ 
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secondary  coil.  It  is  to  be  placed  in  the  circuit  of  the  primary 
coil,  in  order  to  effect  the  interruptions  of  the  current  essential  to 
its  inductive  action. 

Fig.  18  represents  a  rheotome.  "A  is 
an  iron  plate  into  which  the  ends  of  the 
iron  wires  forming  the  core  are  fixed, 
and  which  serves  as  an  anvil  for  the 
hammer  H.  H  has  for  its  shaft  the 
stiff  spring  D,  which  keeps/  back,  and 
also  forms  part  of  the  primary  circuit. 
/  is  a  little  projecting  nipple,  tipped 
with  platinum.  ^  is  a  screw,  the  end,/', 
of  which  is  also  tipped  with  platinum. 
C,  an  upright  brass  standard,  also 
forms  part  of  the  circuit  When  the 
circuit  is  closed,  A  becomes  magnetic,  and  draws  away  H  from 
/',  The  primary  circuit  formerly  closed  at  /,  and  /'  is  now 
broken.  A  loses  its  magnetism,  and  H,  under  the  influence  of 
the  spring  D,  is  taken  back  to  /.  The  circuit  is  again  closed, 
A  again  becomes  magnetic,  and  thus  H  is  kept  oscillating  with 
great  rapidity  between  A  and  /',  alternately  opening  and  clos- 
ing the  primary  circuit,  i  is  a  screw,  giving  to  D  the  necessary 
stiffness."  • 

Iron  Core  of  Primary  Coil. — The  inductive  power  of  the  pri- 
mary current  is  very  greatly  increased  by  putting  a  bar  of  soft  iron 
or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil. 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron,  for  in 
the  latter,  currents  are  formed  which  impede  the  sudden  cessation 
of  the  primary  current,  while  in  the  former,  these  cannot  be  formed. 
It  is  necessary  that  the  primary  current  should  be  strong,  since 
its  principal  object  is  to  excite  magnetism  in  the  core,  consequently 
the  coil  is  made  ofthick  wire  and  of  moderate  length.  The  second- 
ary coil,  however,  is  made  of  very  thin  wire,  and  of  great  length,  so 
that  as  many  turns  as  possible  may  be  brought  within  the  influ- 
ence of  the  core  and  of  the  primary  coil,  and  thus  produce  a  sec- 
ondary current  of  intensity.  As  with  the  galvanic  or  primary 
•  Ferguson,  op,  cit.,  p.  1R9, 
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current,  the  electro-motive  force  of  the  battery  is  proportionate 
to  the  number  of  cells  ;  so  with  the  induced  or  secondary  current, 
the  electro-motive  force  of  the  coil  is  proportionate  to  the  number 
of  turns  in  it. 

Quantity  and  Tension, — By  means  of  the  galvanometer,  the 
relative  quantity  and  tension  of  the  inverse  and  direct  secondary 
current  may  be  measured.  Thus,  if  a  galvanometer  be  con- 
nected with  a  secondary  coil,  while  the  current  of  an  enclosed 
primary  coil  is  effected  by  the  rheotome  with  great  rapidity,  the 
induced  inverse  and  direct  currents  are  sent  with  corresponding 
rapidity  through  the  coil  of  the  galvanometer:  If  this  last  coil  be 
made  of  thick  and  short  wire,  so  that  the  tension  of  the  current 
be  not  taxed,  it  will  not  be  deflected.  Hence,  "  the  quantity  of 
electricity  transmitted  by  the  induced  inverse  and  direct  currents 
is  the  same,  since  they  exert  the  same  influence  on  the  needle.** 
If  the  coil  of  the  galvanometer  be  of  a  long  and  fine  wire,  it  will 
be  deflected  in  a  direction  that  shows  the  action  of  the  direct 
current.  Hence  we  conclude  "  that  both  currents,  though  equal 
in  quantity,  are  unequal  in  tension,  the  direct  current  having  the 
highest  tension,  for  it  has  more  power  to  force  its  way  through 
the  fine  wire  of  the  galvanometer  than  the  inverse."  The  dis- 
covery of  current  induction  was  published  by  Faraday,  in  183 1- 

1832. 

The  first  electro-magnetic  machine  used  in  medicine  was  made 
by  Neef  &  Wagner.  Improvements  and  modifications  have  since 
been  made  by  Stiihrer,  Du  Bois-Reymond,  Duchenne,  Siemens, 
and  Halske,  Legendre,  Ruhmkorff,  and  Hall,  Kidder,  and  others. 

Magneto-Electricity — Magneto-Electric  Induction, — ^As  may  be 
inferred  from  the  term,  magneto-electricity  is  the  reverse  of 
electro-magnetism. 

We  have  seen  that  when  a  coil  in  which  a  primary  current 
circulates  is  inserted  within  a  larger  one,  a  momentary  inverse 
induced  current  becomes  manifest  in  the  outer  coil.  When  it 
is  withdrawn,  the  act  excites  an  instantaneous  direct  induced 
current.  A  priori^  if  for  this  coil  with  the  primary  current  we 
substitute  a  permanent  steel  magnet  and  place  it  within  the  large 
coil,  it  would  seem  probable  that  a  current  of  electricity  would  be 
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developed.  Experiment  shows  this  to  be  true ;  although  the  current 
is  observed  only  at  the  moment  of  the  insertion  and  withdrawal  of 
the  magnet.  The  development  of  magneto-electricity  is  shown  in 
a  very  simple  manner  by  the  common  horseshoe  magnet,  its  arma- 
ture, and  a  copper  wire.    Let  the  armature  A  B  be  encircled  by  the 

wire  C,  one  end  of  which  is  flattened  and  amal- 
gamated with  nitrate  of  mercury,  and  the  other 
filed  to  a  point  When  the  armature  is  placed 
upon  the  magnet,  the  moment  of  contact,  when 
it  is  withdrawn,  and  the  act  of  withdrawal  will 
each  be  marked  by  a  spark  of  electricity  at  C, 
where  the  two  extremities  of  the  wire  meet 

The  electric  current  flows  in  one  direction  at  the 
instant  magnetism  is  induced  in  the  soft  iron  which 
is  enclosed  by  the  coil  of  wire,  and  in  the  opposite 
•  direction  when  its  magnetism  is  destroyed.  Mag- 
netism of  Rotation  was  discovered  by  Arago  in 
1824-25.  The  first  magneto-electric  machine  was 
made  by  Faraday,  in  1831.  The  first  machine  of  the  style  now 
used  was  made  by  Pixii,  in  1832.  Improvements  have  been  since 
made  by  Sax  ton  (1833),  Clarke  (1836),  Petrine  (1844),  Stdhrer 
(1844),  Siemens,  Halske,  Duchenne,  and  others. 

Therm(hElectricity\ — By  heating  the  junction  of  two 
heterogeneous  conductors  a  current  of  thermo-elec- 
tricity is  obtained.  The  two  most  important  methods 
of  generating  thermal  currents  are :  ist,  with  two  por- 
tions of  the  same  metal ;  and,  2d,  with  two  different 
kinds  of  nietal.  The  production  of  a  current  by  the 
first  nieth(H!  is  very  decidedly  sho^-n  by  an  experi- 
ment with  platinum  wire.  Thus,  cut  the  wire  in  two 
pieces,  and  fix  each  half  in  one  of  the  bindingscrews 
of  a  galvanometer.  If  one  of  the  free  ends  be  heated 
to  UHlncHH  niul  pressci!  against  the  other,  the  deflecting 
nrccllc  of  tht*  gnlvanou)cter  will  indicate  that  a  cur- 
rent is  pttHHihg  from  the  cold  to  the  hot  end  of  the  wire. 
If  two  portions  of  tl»r  ii\\\\\%^  n»etal,  but  of  different  structure, 
are  heated  ut  their  Jimrtion,  tlirrnuU  currents  are  obtained. 
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Bismuth  and  antimony  generate  the  strongest  current  by  the 
second  method.  Let  A  and  B  be  respectively  bars  of  antimony 
and  bismuth,  soldered  together,  while  G  represents  a  galvanome- 
ter connected  by  two  wires  with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  heated,  a  current  of 
electricity  is  generated,  which  flows  from  the  bismuth  to  the  anti- 
mony, as  shown  by  the  arrow.  If  the  junction  S  is  chilled  by 
applying  ice,  a  current  is  also  produced,  but  in  the  opposite  direc- 
tion.    This  combination  constitutes  a  thermo-electric  pair. 

The  following  is  the  thermo-electric  classification  of  the  metals : 


O 

U 


Bismuth 25 

Cobalt 9 

Potassium 5.5 

German  Silver 5.2 

Nickel 5 

Sodium 3 

Mercury 2.5 

Aluminum 1.3 

Magnesium 

Lead 

Tin 

Copper 

Platinum 

Silver o 

Gas  Coke 

Zinc 

Iron - 

Antimony - 


1.2 
1.03 
I 
I 


5 
10 


Tellurium 


-179 


05 
2 


> 


The  relative  electro-motive  force  of  the  metals  is  indicated  by 
the  numbers.  As  in  the  electro-chemical  classification,  so  here, 
the  greater  the  difference  between  two  elements,  the  greater 
is  the  electro-motive  force.  For  example,  the  electro-motive 
force  of  a  bismuth  and  antimony  pair  is  25  —  (  —  10)  =  35,  while 
of  a  bismuth  and  copper  pair  it  is  25  —  i  =  24. 
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Figure  21  represents  banner's  ihtniio-electric  battery,  of  which  \ 
at  one  time  strong  hopes  were  entertained  by  electro- therapeutists. 

It  was  supposed  that  it  would  be  a  neat  and  convenient  substitute  J 

for  Smce's  and  other  dements,  that  reciuire  acid  solutions.   These  ] 
expectations  have  been  disappointed.     It  has  been  found  tc 

inconstant,  unreliably  and  less  convenient  than  the  batteries  ordi-  | 

nanly  employed.     A  prominent   objection  to  its  use  in  electro-  , 


therapeutics  is  the  inconvenience  of  carrying  in  the  machine  an  al 
cohol  lamp  in  places  where  there  is  no  gas,  It  has  been  used  ii 
cicctro-idating.  Thermo  electricity  was  discovered  by  Seebeck 
in  i8ji  ;  the  thenno-c  Ice  trie  pile  was  invented  by  Nobiii,  in  1834; 
the  thermal  ciTectB  of  galvanic  currents  at  the  junction  of  hetero- 
gcncouH  nictaU  was  observed  first  by  Peltier,  in  1834. 
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Electro-Physiology  is  the  science  which  trecUs  both  of  the 
laws  of  animal  electricity  and  also  of  the  physiological  pheno- 
mena produced  by  the  action  of  electricity  on  the  body.  We  pro- 
pose to  present  this  subject  as  compactly  as  possible,  and  conse- 
quently shall  speak  only  of  those  facts  that  are  necessary  for  a 
true  appreciation  of  the  science,  and  chiefly  of  those  that,  directly 
or  indirectly,  have  a  practical  bearing  on  electro-therapeutics. 

The  more  important  principles  of  this  department  of  electricity 
we  shall  announce  in  a  series  of  propositions,  following  each  pro- 
position with  its  demonstration. 

I.  Electric  Currents  exist  in  the  Tissues  of  all  Animal 

Bodies. 

Electric  Fishes,~»AX,  a.  very  early  period  it  was  known  that  a 
certain  flat  flsh  had  not  only  the  power,  when  touched,  to  give 
forth  shocks,  but  could  impart  to  other  bodies  for  some  distance 
through  the  water  a  benumbing  influence.  This  phenomenon 
was  first  proved  by  actual  experiment  to  be  of  an  electrical  na- 
ture as  early  as  1773  ;  and  soon  after,  by  means  of  a  number  of 
Leyden  jars,  connecting  with  a  disc  of  leather  or  wood,  either 
side  of  which  was  covered  by  tinfoil,  an  artificial  torpedo  was 
constructed.  By  sinking  this  disc  in  the  water,  all  the  phenome- 
na which  had  been  obtained  fi*om  the  fish  were  readily  observed. 
This  peculiar  power  is  possessed  but  by  a  small  number  of  fish, 
the  best  known  of  which  are  the  torpedo  or  electric  ray^  and  the 
gymnotus  or  electric  eel. 

This  development  of  electricity  does  not  take  place  in  all 
parts  of  the  fish,  but  is  confined  to  a  peculiar  expansion  of  the 
nervous  system,  called  the  electrical  organ.  The  nerves  consti- 
tuting the  electrical  organs  of  the  torpedo  and  gymnotus  are  of 
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great  size.  Those  of  the  former  consist  of  three  principal  trunks, 
and  arise  from  the  cerebro-spinal  system  ;  while  the  nerves  com- 
posing the  electrical  organs  of  the  latter  are  derived  from  the 
spinal  cord  alone.  As  stated  above,  the  phenomena  produced  by 
these  fishes  are  similar  to  those  which  are  obtained  from  electri- 
city that  is  artificially  generated. 

If  electric  fishes  are  touched  with  the  hand  a  shock  is  perceiv- 
ed, while  if  glass,  resin,  or  any  other  non-conductor  is  intervened 
no  effect  is  produced.  Sparks  may  be  drawn  from  them  in  the 
same  way  that  they  are  drawn  from  other  bodies  that  are  charged 
artificially  with  electricity.  The  current  obtained  from  them  will 
magnetize  steel  needles,  decompose  water,  and  if  the  needle  of  a 
galvanometer  be  brought  into  the  circuit  it  will  immediately  suffer 
deflection,  so  that  the  direction  of  the  current  may  readily  be  de- 
termined. The  electric  force  of  the  fish  is  much  weakened  after 
it  has  exerted  its  power  a  number  of  times  in  quick  succession, 
and  it  requires  rest  and  nourishment  to  enable  it  to  recover  its 
normal  vigor. 

It  is  far  more  difficult  to  detect  the  existence  of  electric  cur- 
rents in  other  animals,  but  the  researches  of  able  explorers  in  this 
field  have  fully  determined  that  they  do  exist.  The  nerves  and 
muscles  of  all  warm-blooded  animals  lose  their  irritability  very 
rapidly  after  death,  while  those  of  the  cold-blooded  variety  retain 
their  irritability  a  long  time.  For  this  reason  experiments  are 
usually  made  with  the  frog. 

Galvani  discovered,  in  1786,*  and  published  in  1791,  that  mus- 
cular contractions  followed  the  connection  of  the  nerve  and 
muscle  of  a  frog  by  a  heterogeneous  metallic  arc,  and  from  this 
fact  he  was  led  to  declare  in  substance  that  animals  have  a  spe- 
cial^ independent  electricity,  deserving  the  name  of  animal  elec- 
tricity. This,  together  with  other  declarations  of  Galvani,  aroused 
intense  enthusiasm  among  men  of  science.     Physiologists  were 

*  Six  years  prior  to  this  date,  1 780,  Galvani  accidentally  discovered  that 
**  the  limbs  of  a  recently  killed  frog,  when  hung  by  the  crural  nerve,  on  a  metal 
support,  near  an  electric  machine,  contracted  convulsively  at  the  recurrence  of 
each  spark."  A  comparison  of  this  fact  with  that  observed  in  1786  suggested 
to  him  the  theory  of  animal  electricity. 
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led  to  believe  that  the  identity  of  life  with  electricity  must  soon 
be  established.  Galvani  himself,  from  this  hypothesis,  attempted 
to  explain  all  nervous  conditions,  and  thus  many  physicians  were 
inspired  with  the  hope  that,  by  the  aid  of  electricity,  all  diseases 
might  be  cured. 

At  first,  Volta  accepted  Galvani*s  theory  of  animal  electricity, 
but  subsequent  research  caused  him  to  doubt  its  truth.  He 
observed  that  it  was  only  by  means  of  heterogeneous  metals  that 
muscular  contractions  could  invariably  be  produced,  and  hence 
he  denied  the  existence  of  animal  electricity,  explaining  the  phe- 
nomenon of  muscular  contractions  through  the  influence  of  the 
artificial  electricity  excited  by  a  heterogeneous  metallic  combina- 
tion.* Galvani  then  not  only  demonstrated  that  contractions  could 
readily  be  caused  by  exactly  homogeneous  metals,  but  that  the 
phenomenon  was  produced  by  the  simple  contact  of  nerve 
and  muscle.  His  manner  of  experimenting  was  as  follows  :  The 
leg  of  a  frog,  denuded  of  its  skin,  had  its  sciatic  nerves  cut  at  their 
exit  from  the  vertebral  column.  The  nerves  thus  denuded  were 
taken  gently  up  by  some  non-conductor  and  made  to  touch  one 
of  the  muscles,  when  the  leg  would  immediately  become  convul- 
sed. Volta  endeavored  to  prove  that  the  concussion  caused  by 
the  contact  of  nerve  and  muscle  was  the  cause  of  the  electric  cur- 
rent thus  produced  ;  but  Galvani  conclusively  demonstrated  that 
such  could  not  be  the  case,  by  placing  a  non-conductor  between 
the  two  tissues,  when  no  action  could  be  excited  in  the  leg.  He 
went  further,  and  at  last  succeeded  in  producing  muscular  con- 
tractions when  the  nerves  only  of  non-prepared  legs  were  brought 
in  contact. 

It  would  seem  as  if  these  elaborate  and  conclusive  experiments 
of  Galvani  ought  to  have  silenced  all  opposition,  but  Volta  still  re- 
mained unsatisfied,  and  for  thirty  years  his  views  were  generally  ac- 
cepted by  natural  philosophers,  notwithstanding  further  proofs  of- 
fered by  IJaron  von  Humboldt.  In  1827,  M.  Nobili,  having  con- 
structed a  very  sensitive  galvanometer,  was  enabled  to  detect 
without  doubt  the  existence  of  an  electric  current  in  the  frog. 

*  The  theory  that  the  experiment  of  (jalvani  could  be  explained  by  chemi- 
cal action  was  first  suggested  by  I*rof.  Fabroni,  of  Florence,  in  1792. 
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He  observed  that  when  the  needle  was  placed  in  the  circuit  it 
was  deviated  some  30^. 

A  few  years  subsequently,  Matteucci  turned  his  attention  to 
this  subject ;  but  it  was  reserved  for  Du  Bois-Reyniond  to  demon- 
strate most  clearly  and  conclusively  the  electric  properties  of 
nerves  and  muscles.*  As  a  result  of  his  elaborate  researches,  Du 
Bois-Reymond  concludes : — 

"  I  St.  That  currents  in  all  respects  similar  to  the  so-called  frog 
current  may  be  observed  in  any  limb  of  any  animal,  whether 
warm  or  cold  blooded. 

"  2d.  The  electro-motive  action  on  which  these  currents  depend 
does  not  arise  from  the  contact  of  heterogeneous  tissues,  as 
Volta  supposed ;  for  the  different  tissues — ^nerve,  muscle,  and  ten- 
don— ^in  an  electric  point  of  view  are  quite  homogeneous. 

"  3d.  These  currents  are  produced  by  the  muscles." 

"  The  current  might  be  a  downward,  or  it  might  be  an  upward 
one.  The  current  of  a  whole  limb  is  nothing  but  the  resultant  of 
the  partial  currents  which  are  engendered  by  each  muscle  of  the 
limb;  and  the  frog  current,  as  well  as  the  similar  currents  ob- 
served in  other  animals,  are  thus  simply  reduced  to  a  general 
muscular  current"  (Matteucci  had  also  fully  demonstrated  the 
existence  of  an  electric  current  in  the  leg  of  a  frog,  but  had  de- 
clared it  to  be  peculiar  to  that  animal  alone ;  and  therefore  Du 
Bois-Reymond  must  be  credited  with  the  honor  of  having  dis- 
covered that  the  "  so-called  frog  current  is  merely  a  special  case 
of  a  general  muscular  current.") 

"  4th.  To  make  this  law,  according  to  which  the  current  may 
be  regularly  obtained,  more  easily  understood,  it  will  be  useful  to 
premise  some  definitions. 

"  By  longitudinal  section  of  the  muscle  I  understand  the  surface 
formed  only  by  the  sides  of  the  muscular  fibres  considered  as 

*  For  a  full  description  of  the  apparatus  employed  in  these  researches,  as 
well  as  for  a  more  detailed  and  exhaustive  explanation  of  the  laws  of  the  mus- 
cular and  nerve  currents,  the  reader  is  referred  to  C.  E.  Morgan's  work  on 
Electro- Physiology t  from  which  these  extracts^are  taken ;  also  Du  Bois-Rey- 
mond*s  Untersuchungen  uber  thieriscfu  EUktricitdt^  Berlin,  1848  and  1853; 
PflUger's  Untersuchungen  uber  die  Physiologic  des  Elektrotonos,  Berlin, 
1859 ;  and  Von  Bezold*s  Untersuchungen  Uber  die  Elektrisehe  Erregung  der 
Nerven  und  Muskelny  Leipzig,  1861. 
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prisms.     By  transverse  section^  is  meant  a  surface  formed  by  the 
base  of  these  muscular  prisms. 

"  Both  transverse  and  longitudinal  sections  may  be  natural  or 
artificial.  This  premised,  I  say :  5th,  Any  point  of  the  natural 
or  artificial  longitudinal  section  of  the  muscle  is  positive  ( + )  in 
relation  to  any  point  of  the  natural  or  artificial  transverse  section. 

"  6th.  The  nervous  system — setting  aside  its  own  electro-motive 
power,  which  obeys  the  same  law  as  that  of  the  muscles — ^plays 
the  part  of  an  inactive  conductor  with  respect  to  the  muscular 
current,  provided  their  own  current  (/.^.,  that  of  the  nerves)  be 
prevented  from  entering  the  circuit."* 

Parelectronomy, — The  superficial  layer  of  muscle  may  interfere 
with  the  current  between  the  longitudinal  and  transverse  section. 
Du  Bois-Reymond  has  given  to  this  layer  the  name  parelectro- 
nomic,  "contrary  to  the  law."  In  the  parelectronomic  layer 
the  electro-motive  forces  act  in  a  direction  opposite  to  those  of 
the  rest  of  the  muscular  substance,  so  that  the  natural  current 
may  be  reversed  or  very  feeble,  or  may  be  undemonstrable. 
Parelectronomy  may  be  produced  by  the  action  of  cold,  and 
in  a  frozen  frog  the  phenomenon  is  exhibited  in  a  remarkable 
manner.  As  the  frog  becomes  warmer  the  normal  current  reap- 
pears. 

Tetanization. — ^When  a  continuous  electric  current  passes 
through  a  nerve,  it  causes  the  phenomena  of  tetanus  in  that  nerve. 

The  evidence  of  this  tetanization  is  the  movement  of  a  jerking, 
twitching  character,  produced  in  the  muscles  connected  with  the 
nerve.  By  placing  a  stethoscope  over  a  tetanized  muscle  it  is 
possible  to  hear  the  susurrus  muscularis^  or  muscular  murmur,^ 
which  corresponds  in  the  number  of  its  vibrations  to  the  interrup- 
tions of  the  current.  This  same  murmur  can  also  be  heard  by 
closing  the  ears  with  wet  paper  and  pressing  the  jaws  firmly 
together,  so  as  to  put  the  masseters  in  powerful,  uniform  vibra- 
tion. The  sound  heard  is  of  a  heavy,  rumbling  character.  The 
experiment  is  most  successfully  performed  in  a  perfectly  still  room. 
A  similar  murmur  can  be  heard  by  placing  a  stethoscope  over  the 

*  Morgan,  Qp.  cit.,  p.  299. 
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muscles  of  the  arm,  or  over  the  pterygoid  and  temporal  muscles. 
The  negative  variation  of  the  muscular  current — that  is,  its  de- 
crease during  contraction — is  best  studied  by  producing  tetanus 
with  the  electric  current.  The  needle  of  the  galvanometer  re- 
cedes, showing  decrease  of  the  current,  during  the  entire  persist- 
ence of  the  tetanus.  Negative  variation  is  explained  by  the  theory 
that  the  peripolar  molecules  in  the  muscle  change  their  arrange- 
ment, so  that  their  electro-motor  power  becomes  diminished. 

The  whole  history  of  this  immortal  controversy  between  Volta 
and  Galvani,  and  indeed  all  the  experiments  on  the  subject  of 
animal  electricity,  are  of  exceeding  interest ;  but  for  the  practical 
purposes  of  electro-therapeutics  it  is  more  important  to  study 
the  modifications  of  animal  electricity,  and  other  physiological 
phenomena  produced  by  the  applications  of  electricity  to  the 
human  body.  Currents  have  been  found  not  only  in  the  muscles 
and  nerves,  but  also  in  the  central  nervous  system.  They  are  found 
also  in  the  sympathetic.  The  muscle  ciurent  and  the  nerve  cur- 
rent are  subject  to  the  same  laws,  and  are  explained  by  the  same 
molecular  theory,  which  will  be  presented  further  on.  Both  the 
muscles  and  the  nerves  are  supposed  to  be  in  a  closed  circuit. 
Electric  currents  are  also  found  in  the  skin,  spleen,  testicles,  kid- 
neys, liver,  lungs,  as  well  as  in  the  nerves  and  muscles.  The 
sheaths  of  muscles,  fasciae,  and  sinews  do  not  contain  electricity. 

ELECTROTONOS. 

II.  The  electrical  currents  of  the  animal  body  ^  when  subjected  to  the 
•  influence  of  a  galvanic  current^  are  variously  modified^  according  to 
the  position  of  the  poles ,  and  the  strength  and  length  of  the  appli- 
cation. 

When  a  nerve  is  electrized  with  the  galvanic  current  a  change 
takes  place  in  the  nerve-current,  which  is  termed  electroto- 
nos.  The  change  in  the  nerve-current  depends  on  the  direction 
of  the  galvanic  current.  When  the  galvanic  current  flows  in  the 
same  direction  with  the  nerve  current,  the  strength  of  the  nerve- 
current  is  increased  ;  when  the  galvanic  current  flows  in  a  con- 
trary direction,  the  strength  of  the  nerve-current  is  diminished. 

The  extent  to  which  these  changeH  take  place  depends  on  van- 
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i  conditions.  It  is  greater  when  the  galvanic  current  flows 
lengthwise  than  when  it  flows  across  the  nerve.  It  increases 
within  certain  limits,  with  the  increase  in  the  intensity  of  the  cur- 
rent. It  increases  in  proportion  to  the  length  of  the  portion  of 
nerve  ihat  is  subjected  to  the  influence  of  the  galvanic  current. 
To  develop  electrotonos  in  nerves  of  animals  which  are  greatly 
exhausted,  or  nearly  dead,  very  powerful  galvanic  currents  aie 
needed.  If  the  nerve  be  cut,  or  strongly  ligated,  electrotonos 
cannot  be  developed. 

EUctrolonos  is  also  developed  in  a  muscle  in  the  same  way  as 
in  a  nerve  ;  that  is,  by  passing  a  galvanic  current  through  some 
portion  of  it.  Electrotonos  in  muscles  is  confined  to  tlie  intra- 
polar  space  ;  in  nerves  it  is  also  extra-polar. 

Dti  Bois-Rcymond' s  Molecular  Theory  of  Animal  Elccirietty. — 
Du  Bois-Reyniond  has  suggested  a  theory  to  account  for  the  phi 
,  Domena  of  elei. 
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r  L  S — Longiluilinal  Section. 

r  T  S— Tiimsvetae  Section. 

[  P—Pareleclronomic  Layer. 

*n»logous  to  the  theory  of  magnetism  suggested  by  Coulomb. 
He  supposes  that  muscles  and  ner\es  consist  of  electric  mole- 
cules, which  have  one  positive  equatorial  /one  and  two  nega- 
tive polar  zones,  whose  axes  are  parallel  to  each  other  ;  that  is, 

*  The  copies  uf  tin  itranitigs  for  tkcK  illiutr>tions  a{  the  molccuUr  theory 
were  origiiullyTurntsheil  the  publishers  by  Dr.  Ncfiel,  for  tlie  Meduat  Ktiord. 
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two  molecules  make  one  molecule.  This  is  called  the /«■ 
rangement.  In  a  magnet,  each  individual  molecule  manifests  the 
same  phenomena  as  the  entire  magnet.  Each  molecule  is  indeed  a 
mi^et  in  miniature.  Precisely  so,  each  molecule  of  the  nerve  o 
muscle  manifests  the  sanie  jihenomena  as  the  entire  nerve  o 
muscle.  These  peripolar  molecules  are  enclosed  by  a  moist .] 
■overing. 

Du  Bois-Reymond  further  supposes  that  each  peripolar  molecule;! 
may  be  divided  into  a  group  of   dipolar  uiolecul 
positive   hemispheres   are    turned  toward  .each    other  —  withou:£:| 
changing  their  electrical  properties.     This  is  called  the  di-polai 
arrangenienL     If  a  number  of  such  molecules  are  brought  undec] 

L   S 
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(.  Peripolar  airingement  of  rloclrnmnl'ir  nmlctnlcs. 
3.  Di-iHjIitr  arrMiffEniinit  a\  olovtruiimliir  molcruta. 
3.   file-like  BrrADKeincnl  uf  «l«.araniulDr  mulcculei,  caukJ  by  llie  3, 
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positive ;  one  of  the  molecules  turning  ido^  on  its  axis.  The 
arrangement  will  then  be  as  above   (3). 

From  its  resemblance  to  the  voltaic  pile  it  is  called  the  pile- 
like arrangement. 

This  theory  explains  the  fact  that  a  neutral  point  is  always 
found  in  the  middle  of  a  voltaic  pile. 

Du  Bois-Reymond  has  demonstrated  these  phenomena  on  mole- 
cules made  of  zinc  and  copper. 

From  these  experiments  Du  Bois-Reyrnond  concluded,  first, 
that  the  nerve  is  always  in  the  condition  of  a  closed  circuit,  since 
electric  currents  are  produced  by  the  connection  of  layers  sur- 
rounding the  molecules  with  their  molecules ;  and  secondly,  that 
the  current  obtained  from  an  animal,  as  indicated  by  the  galvano- 
meter, is  only  a  small  portion  of  the  entu-e  current. 

This  pile-like  arrangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them,  into  the  extra-polar 
region. 

The  galvanic  current  that  produces  the  electrotonic  condition 
is  called  the  polarizing  current.  The  condition  of  changed  irrita- 
bility at  the  positive  pole  is  called  anelectrotofws,  and  at  the  nega- 
tive pole,  caielectrotonos.  The  portion  between  the  poles  is 
called  intra-polar ;  beyond  and  outside  of  the  poles,  extra-polar. 
Electrotonos  is  ascending  when  it  proceeds  from  the  muscle  to 
the  nerve ;  descending^  when  it  proceeds  from  the  nerve  to  the 
muscle. 

ANELECTROTONOS  AND  CATELECTROTONOS. 

Anelectrotonos  and  catelectrotonos  are  changes  in  the  irrita- 
bility of  a  nerve,  which  take  place  when  a  galvanic  current 
passes  through  a  portion  of  it ;  that  is,  when  the  nerve  is  in  a 
condition  of  electrotonos.  Anelectrotonos  is  a  condition  of  di- 
minished irritability,  which  takes  place  at  the  positive  electrode. 
Catelectrotonos  is  a  condition  of  increased  irritability,  which 
takes  place  at  the  negative  electrode.  At  some  point  between 
the  electrodes  the  irritability  of  the  nerve  is  unchanged.  The 
conditions  of  anelectrotonos  and  catelectrotonos  are  found  not 
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only  between   the    poles,   but    also  in  the   other  portions   of 
the  nerve — in  the  extra-polar  portion. 

This  point,  where  the  irritability  is  unchanged,  varies  with  the 
strength  of  the  current.  When  the  current  is  weak  the  neutral 
point  will  be  near  the  positive  pole ;  when  it  is  strong,  it  will  be 
near  the  negative  pole.  When,  therefore,  a  weak  current  is  used, 
nearly  all  the  portion  of  the  nerve  between  the  electrodes  is  in  a 
state  of  catelectrotonos ;  when  a  strong  current  is  used,  nearly  all 
the  portion  of  the  nerve  between  the  electrodes  is  in  a  state  of 
anelectrotonos.  Catelectrotonos  appears  immediately  after  the 
closing  of  the  circuit,  and  in  its  full  strength  ;  anelectrotonos,  on 
the  other  hand,  develops  gradually  after  the  closing  of  the  cir- 
cuit, but  ^he  more  frequently  the  circuit  is  broken  the  more 
quickly  it  appears. 

The  portion  between  the  poles  and  near  the  negative  pole,  to- 
gether with  the  portion  beyond  the  negative  pole,  is  in  a  state  of 
catelectrotonos,  with  increased  irritability.  The  portion  be- 
tween the  poles  and  near  the  positive  pole,  together  with  the 
portion  beyond  the  positive  pole,  is  in  a  state  of  anelectrotonos 
with  diminished  irritability. 

The  extra-polar  catelectrotonos  depends  on  the  length  of 
the  nerve  between  the  poles,  and  the  strength  of  the  current, 
up  to  a  certain  limit.  The  strength  of  the  extra-polar  anelec- 
trotonos is  proportioned  to  its  distance  from  the  poles,  being 
greatest  near  the  intra-polar  portion.  The  extra-polar  catelectro- 
tonos, both  ascending  and  descending,  is  in  a  state  of  increased 
irritability.  The  extra-polar  anelectrotonos,  both  ascending  and 
descending,  is  in  a  state  of  diminished  irritability. 

The  power  of  a  nerve  to  conduct  irritability  is  more  or  less 
modified  by  the  condition  of  electrotonos.  The  portion'  of  the 
nerve  near  the  positive  pole,  which  is  in  a  condition  of  anelec- 
trotonos, has  its  conductibility  diminished :  the  portion  of  the 
nerve  near  the  negative  pole,  which  is  in  a  condition  of  catelec- 
trotonos, has  its  conductibility  increased.  If  the  current  be  suf- 
ficiently strong,  the  power  of  the  nerve  to  conduct  impressions 
may  be  nearly  or  entirely  destroyed. 

Pflueger  discovered  that  a  given  nerve-piece  is  stimulated  only 


Law  of  Stimulation, — Effects  of  Electrotonos.  55 

by  the  appearance  of  catelectrotonos  and  the  disappearance  of  ane- 
lectrotonos ;  not,  however,  by  the  disappearance  of  catelectrotonos 
and  the  appearance  of  anelectrotonos. 

To  explain  this  principle  more  in  detail,  we  may  say  that  the  irri- 
tation of  the  nerve,  when  a  galvanic  current  passes  through  it, 
is  not  uniform  ;  but  that  at  the  opening  of  the  current  it  is  near 
the  anode, — at  the  closing,  near  the  cathode.  At  the  closing  of 
the  current,  the  irritation  is  due  to  the  molecular  changes  which 
accompany  the  increased  irritability  at  the  cathode.  At  the  open- 
ing of  the  circuit,  the  irritation  is  due  to  the  change  from  the  con- 
dition of  anelectrotonos  to  the  normal  condition,  which  takes 
place  when  the  current  is  interrupted.* 

Effects  of  Electrotonos  after  the  breaking  of  the  galvanic  (po- 
larizing) current. — It  is  of  importance,  in  a  practical  point  of  view, 
to  understand  the  effect  of  the  electrotonic  condition  on  the 
nerve  after  the  galvanic  action  has  ceasec'. 

One  of  the  effects  of  the  electrotonos  is  the  irritation  which  is 
caused  by  the  passing  away  of  the  anelectrotonos.  This  irrita- 
tion, which  appears  at  the  positive  pole,  is  shown  either  by  con- 
traction or  by  a  tetanic  condition. 

The  nerve  which  is  in  a  condition  of  catelectrotonos  in  die  extra- 
polar  region  is  greatly  modified  by  the  breaking  of  the  polarizing 
current.  Its  irritability  is  thereby  very  greatly  increased.  This 
increase  of  irritability  is  called  the  ^^ positive  modification^^  in  con- 
tradistinction from  lowering  of  irritability,  which  is  called  "  nega- 
tive modification^  This  increase  of  irritability  continues  for  some 
time  after  the  polarizing  current  is  broken. 

Another  effect  of  electrotonos  is  the  change  of  irritability 
which  is  caused  by  a  change  in  the  direction  of  the  current. 

If  a  nerve  is  subjected  for  some  time  to  the  influence  of  a  gal- 
vanic current  in  a  certain  direction,  it  loses  some  of  its  irritabili- 
ty, which  it  regains  when  the  current  is  reversed. 

A  very  important  effect  of  electrotonos  is  a  restoration  of  irri- 
tability in  a  nerve.  It  has  been  proved,  both  by  experience  and 
by  experiments,  that  nerves  which  from  any  cause  have  lost 
their  irritability  to  the  faradic  current,'  sometimes  regain  it   afler 

*  Morgan,  op.  cit.,  p.  608. 
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an  application  of  the  galvanic.  We  have  seen  demonstrations  of 
this  law  in  the  case  of  patients  afflicted  with  paralysis  of  the  fa- 
cial nerve.  It  has  been  shown  by  the  experience  of  several  writers 
on  electro-therapeutics,  and  of  ourselves,  that  in  cases  of  paralysis, 
when  the  faradic  current  at  first  fails  to  produce  contractions, 
the  application  of  the  galvanic  may  not  only  readily  produce  con- 
tractions, but  may  also  produce  such  a  change  in  the  irritability  of 
the  paralyzed  parts  as  to  cause  them  to  regain  their  lost  irrita- 
bility to  the  faradic  current.  The  superiority  of  the  galvanic  to 
the  faradic  current  in  such  cases  is  supposed  to  be  due  to  its 
greater  chemical  effects,  owing  to  its  more  continuous  action. 
(For  detailed  illustrations  of  the  comparative  eflfects  of  the  gal- 
vanic and  faradic  currents,  see  Paralysis.) 

A  muscle^  like  a  nerve,  may  be  put  in  the  condition  of  elec- 
trotonos  ;  the  changes  of  irritability  that  accompany  this  condition 
are  confineil  to  the  muscle  through  which  the  current  flows. 
The  subseiiuent  effects,  after  the  polarizing  current  is  broken,  are 
also  limited  to  the  i>ortion  through  which  the  current  passes. 

It  is  logically  probable  also  that  not  only  the  motor  nerves,  but 
also  all  parts  of  the  nervous  system — central  and  peripheral — ^are 
ca|>able  of  exhibiting  the  phenomena  of  modified  irritability  under 
the  galvanic  current. 

The  laws  of  clcctrotonos  are  not  only  exceedingly  interesting,  but 
are  very  suggestive  in  a  practical  i)oint  of  \iew.  Although  there 
may  have  boon  a  tendency  with  some  to  over-estimate  their  impor- 
tance in  therapeutics,  }*et  that  they  are  worthy  of  study  by  all  who  em- 
ploy  electricity  in  the  treatment  of  disease  there  can  be  no  question. 

The  practical*  bearings  of  the  phenomena  and  la\i-s  of  electro- 
tonos,  5i>  fivr  as  they  nppoar  to  l>c  establiaheil,  will  be  indicated  in 
the  section  on  Hlrttf\^4kn\tf^NtitS.  The  phenomena  of  electro- 
tonos  arc  den\«>n»trably  pnuhu  ed  only  by  the  ^ah\mic  current. 

Irritability  of  ncnoj*  in  iin|MinMl  by  int^T^/^Pi^i^  the  drt^lafi^m 
thfough  p»x*ss«ir  or  Uj;;\Uuv»  by  m/>/r#V,\\  and  by  extremes  ^f  tempe- 
rature. When  soinvrrttod  Ihnn  \\w  ronM<d  novvvuis smom,  a  nerve 
retains  its  irritability  for  hcvouvI  d;n^  i\\\\\  inuMles  still  longer,  Ir- 
ritabilitv  of  a  nerve  ij*  inoMMned  bv  moderate  i\nd  dinuni^ev!  bv 
very  rapid  electric  Minuihuion. 
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The  phenomena  of  the  electrotonic  condition  of  nerve,  origi« 
nally  discovered  by  Pfluger  in  frog  preparation,  have  been  demon- 
strated on  the  living  human  subject  by  Eit)  and  Eulenburg. 

Direction  of  the  Current, — Concerning  the  direction  of  the 
current,  it  is  claimed  to  be  established  by  electro-physiological 
experiments : 

1.  The  ascending  current  increases  excitability;  the  descending 
diminishes  it. 

2.  The  ascending  current  increases  reflex  action,  while  the 
descending  diminishes  it. 

3.  The  ascending  current  acts  most  powerfully  on  the  sensitive 
nerves,  and  the  descending  on  the  motor  nerves. 

4.  The  ascending  current  through  the  spinal  cord  acts  upon  the 
motor  nerves  by  direct  and  not  by  reflex  action  ;  and,  vice  versd, 
the  descending  current  through  the  spinal  cord  acts  upon  the 
motor  nerves  by  reflex  and  not  by  direct  action.* 

These  established  principles  concerning  direction  of  the  current 
are  believed  to  be  of  practical  importance  in  electro-therapeu- 
tics. They  are  said  to  hold  good  without  regard  to  the  peculiar 
action  of  the  poles  ;  and  are  tlierefore,  within  certain  limits,  supe- 
rior to  the  laws  of  electro tonos. 

According  to  Legros  and  Onimus,  "when  we  act  upon  the 
nerves  and  upon  the  centres  in  such  a  manner  as  to  have  a  suffi- 
ciently great  extent  of  nervous  substance  between  the  two  elec- 
trodes, the  direction  of  the  current  has  a  very  marked  action,  be- 
cause, according  to  its  direction,  and  independently  of  the  local 
action  of  the  electrodes,  it  influences  either  the  excitability  of  the 
motor  nerves  or  of  the  sensitive  nerves.'*  f 

III. — The  application  of  electricity  to  the  surface  of  the  body 
produces  special  physiological  phenomenay  according  to  the  kind 
of  electricity  employ ed^  its  quantity ^  its  temsion^  the  position  of  the 
poleSy  and  the  locality  and  nature  of  the  tissue  where  the  applica- 
tion is  made, 

•  M^moires  de  la  Socit'te  de  Biologic.  Mai  1868,  (Quoted  by  Legros  and 
Onimus.)  Effects  of  Electricity  on  the  Tissues  of  Nutrition.  (Translate*!  by 
Dr.  J.  Solis  Cohen.  Philadelphia  :  1S69.)  See  also  Journal  de  I'Anatomie 
et  de  la  Physiologie,  1870^  p.  18.  f  Op.  cit.,  pp.  82,  83. 

3* 
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Effects  of  Static  Electricity, — When  the  sparks  of  frictional 
electricity  are  applied  to  the  skin  they  produce  a  sensation  of 
pricking,  and  if  the  Sparks  are  large  the  skin  becomes  red, 
and  a  papular  eruption  appears.  WTien  applied  to  the  face, 
static  electricity  causes  a  very  indistinct  flash  to  appear  before 
the  eyes. 

Effects  of  the  Faradic  Current, — WTien  a  faradic  current  of 
moderate  intensity  is  applied  to  the  skin  by  means  of  moist  con- 
ductors, it  causes  a  tingling  sensation,  but  very  little,  if  any,  pain. 
The  muscles  are,  however,  immediately  convulsed,  and  remain 
in  a  state  of  contraction  until  the  circuit  is  broken.  It  produces 
less  marked  chemical  effects  on  the  parts  through  which  it  passes 
than  the  galvanic  current,  and  influences  distant  organs  very 
slightly  by  reflex  action. 

If  the  current  is  of  low  tension  the  contraction  is  feeble,  and 
the  sentient  ner>-es  are  affected  but  slightly ;  but  if  the  current  is 
of  great  intensity*,  violent  cramps  of  the  muscles  are  produced, 
and  acute  pain  is  excited. 

If  the  electrode  is  flrmly  pressed  against  the  skin,  at  a  point  where 
the  motor  ner\'e  is  iiear  the  surface,  the  muscles  supplied  by 
that  ner\'e  contract.  If  any  dry  artificial  electrode  is  pressed 
against  the  skin  while  a  current  is  passing,  the  electricity-  will 
hanlly  i>enelrate  to  the  deeper  tissues,  unless  the  current  is 
ver}'  intense,  because  of  the  great  resistance  offered  by  the  skin. 
The  extremities  of  the  sentient  ner>*es  are  markedly  affected, 
however,  and  iwin  is  pnxiuceil.  ^\'hen  the  dr\-  hand  is  substi- 
tuteil  for  the  dr\*  artificial  electrode,  the  surface  can  be  faradized 
>R"ithout  prvxluoing  iwin.  During  the  latter  operation,  the  elec- 
tricity acting  uiH>n  the  dr>*  sur<;ice  of  the  skin  pnxiuces  a  pecu- 
liar crackling  \>r  h\unnung  sotuul  that  may  be  heard  several  feet. 

An  application  of  i^  faradic  current  of  ordinary  intensity*  is 
fv>llowi\\  bv  tho  mo!it  n^arkcil  effects  on  the  skin  when  it  is  dr\% 
IKmu  the  fact  that  tho  electricity  is  mostly  ci>nfine\l  to  the  swrfoce 
of  this  tissue*  Hv  this  n^othixl  of  application  tho  skin  quickly 
bcc\vmcs  rxnl  •^uil  if  the  c\irrent  is  nwde  quite  intense,  circum- 
scrilKtl  whoaU  are  punluctHl  ,\  >vr>'  fine,  or,  in  other  ^x^rds,  a 
Ripiilly  intcmiptinl  faradic  cunvnt  has  ,-\  more  n^arkoil  eflecf  on 
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the  sentient  nerves  than  a  coarse  or  slowly  interrupted  current, 
and  in  the  treatment  of  the  more  common  forms  of  anaesthesia 
and  neuralgia  this  fact  must  be  considered.  The  negative  pole 
has  a  much  stronger  effect  both  on  the  sensory  and  motor  nerves 
than  the  positive.  Any  one  can  readily  distinguish  the  poles,  when 
both  are  held  in  the  h^nds,  by  the  stronger  sensation  which  is  felt  at 
the  negative.  Some  parts  of  the  skin  are  more  sensitive  to  the  cur- 
rent than  others,  from  the  fact  that  they  are  more  richly  supplied 
with  nerves.  The  face  is  especially  sensitive  at  the  points  where 
the  various  branches  of  the  trigeminus  issue,  and  at  the  line  of  de- 
marcation of  the  skin  and  mucous  membrane  of  the  nose  and 
mouth. 

A  faradic  current  of  moderate  intensity,  when  applied  to  bones 
that  lie  very  near  the  surface,  produces  considerable  pain  of  a  pe- 
culiar character.  This  pain  is  caused  on  account  of  the  irritation 
of  the  sentient  nerves  of  the  periosteum.  The  forehead  and  the 
region  of  the  scapula  and  tibia  are  especially  sensitive  to  electri- 
zation. 

It  is  not  supposed  that  the  bone  is  specifically  aflfected  by  the 
electric  current. 

Both  the  periosteum  and  bone,  however,  may  have  an  increased 
amount  of  blood  attracted  to  them  by  electric  excitation. 

Acting  in  this  manner,  electrization  has  been  known  to  reunite 
an  old  fracture. 

EFFECTS   OF  THE    GALVANIC   CURRENT. 

The  galvanic  current  produces  effects  upon  the  skin  that  differ 
according  to  its  intensity. 

If  its  tension  be  slight,  no  effect  is  for  the  moment  produced 
when  it  is  applied  to  the  surface  of  the  body.  If  its  strength  be 
increased,  marked  redness  of  the  skin  is  produced  under  both 
the  positive  and  negative  electrodes,  the  passage  of  the  cur- 
rent is  manifested  by  a  burning  pain  that  rapidly  becomes 
more  severe,  and  if  continued  for  a  sufficient  length  of  time 
inflanunation  and  destruction  of  the  skin  would  be  produced. 
The  action  of  the  constant  current  is  far  more  decided  upon 
the  moist  than  upon  the  dry  skin.     If  the  epidermis  be  wholly 
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removed  before  the  applicarion  of  the  current  the  effect  is  very 
severe. 

The  following  results  were  obtained  by  Baron  Humboldt  in 

1795:— 
Experimenting  on  himself,  he  raised  two  small  blisters  on  either 

shoulder.  When  opened,  the  usual  uncolored  liquid  was  dis- 
charged from  the  blisters.  The  excoriated  surfaces  were  then 
covered  with  two  small  pieces  of  silver.  These  silver  pieces  were 
connected  with  a  zinc  plate.  The  current  thus  produced  caused 
inflammation,  colored  the  discharge,  and  rendered  it  acrid. 

The  destruction  of  skin  caused  by  the  action  of  the  galvanic 
current  is  most  rapid  and  decided  at  the  negative  zinc  pole,  from 
the  fact  that  at  this  pole  a  powerful  escharotic,  the  chloride  of  zinc, 
is  formed.  The  galvanic  current  possesses  also  marked  reflex 
power ;  for  when  applied  in  the  neighborhood  of  the  fifth  pair  of 
nerves  it  affects  the  retina  by  reflex  action,  and  the  person  upon 
whom  the  experiment  is  tried  sees  a  flash  of  light 

This  phenomenon  is  not  produced  by  the  faradic  current,  un- 
less it  is  of  remarkable  intensity,  or  in  peculiar  cases  of  disease. 

Electro- Anasthesia, — It  has  for  some  time  been  a  matter  of 
dispute  whether  a  slight  anaesthesia  can  be  produced  by  the  elec- 
tric current.  It  is  well  known  that  for  a  number  of  years  some 
dentists  have  been  accustomed  to  connect  the  forceps  for  extract- 
ing teeth  with  one  pole  of  an  electro-magnetic  apparatus  while 
the  patient  rested  on  the  other  pole,  so  that  as  soon  as  the  forceps 
seized  hold  of  the  tooth  a  current  is  established.  Although  this 
method  of  producing  anaesthesia  is  not  now  received  ^iv-ith  favor, 
there  is  no  question  that  the  electric  currents  do  have  a  slight 
benumbing  effect.  The  results  of  various  experiments  that  we 
have  from  time  to  time  perfomied  in  this  department  seem  to 
be  conclusive.  We  have  had  teeth  extracted  while  a  strong 
faradic  current  was  passing  through  the  jaw,  and  feel  assured 
from  this  personal  experience  that  the  electricity  caused  the  pain 
to  be  less  sensitively  felt.  That  the  pain  caused  by  the  prick  of  a 
pin,  for  example,  is  less  sensitively  felt  when  a  strong  faradic  current 
is  passing  through  the  part  where  the  puncture  is  made,  we  have 
practically  demonstrated  on  tlie  hand  and  other  parts  of  the  body. 
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Althaus*  arrived  at  the  conclusion  that  the  electric  current  could 
produce  an  anaesthetic  or  slightly  paralyzing  effects  from  experi- 
ments on  the  nerve  trunks,  as  the  ulnar  and  sciatic.  His  method 
of  operating  was  to  place  the  positive  pole  over  some  point  where 
the  nerve  was  superficial,  and  the  negative  over  some  one  of  the 
terminal  branches,  keeping  up  the  action  of  the  current  for  fifteen 
minutes,  with  the  result  of  producing  a  feeling  of  numbness,  and 
less  sensitiveness  to  the  current.  Knorr,  of  Munich,  has  availed 
himself  of  the  anaesthetic  effects  of  electrization  for  opening  felons 
and  buboes. 

We  have  also  experimented  on  inflamed  and  irritated  mucous 
membranes.  In  rhinitis,  pharyngitis,  and  laryngitis  we  have  for 
three  years  been  accustomed  continually  to  make  use  of  the  be- 
numbing effects  of  electrization. 

It  has  a  very  quieting  and  tonic  effect  on  the  irritated  and  in- 
flamed mucous  membrane,  and  those  on  whom  it  has  been  em- 
ployed desire  to  have  the  applications^  repeated.  Our  custom  is 
to  use  local  faradization  after  the  application  of  caustics  and 
other  irritants,  in  order  to  relieve  the  very  annoying  pain  that  they 
so  often  cause,  or  in  any  irritable  condition  of  the  parts. 

Recently  a  French  physician,  M.  Victor  Revillout,  has  obtained 
similar  results  froii)  applications  of  the  faradic  current  to  the 
uterus  after  cauterization,  f 

IV. — Direct  Electrization  of  the  tuber cula  quadrig^mina^  the 
medulla  oblongata^  or  the  spinal  cord,  produces  convulsions. 

Weber  has  investigated  the  action  of  the  induced  current,  and 
Matteucci  that  of  the  galvanic,  upon  the  brain  'of  living  animals. 
They  found  that  electrization  of  the  cerebrum  or  cerebellum 
was  followed  by  no  visible  effect ;  but  when  the  tubercula  quad- 
rigemina  were  brought  under  the  influence  of  the  current,  clonic 
cramps  were  produced — similar  in  character  to  those  associated 
with  certain  diseases  of  the  brain.  Electrization  of  the  medulla 
oblongata  or  the  spinal  cord,  on  the  contrary,  produced  tetanic 

•  Medical  Electricity.     i86a     pp.  i66,  167. 

t  Archives  G^n^rales  de  M^ecine.     Septembrei868.     p.  356. 
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convulsions.  The  heart*  s  action  may  also  be  stopped  by  the 
action  of  the  electric  current  upon  the  medulla  oblongata. 

Rigid  cramps  of  all  the  muscles  of  the  trunk  and  extremities  fol- 
low electrization  of  the  spinal  cord,  when  an  electrode  is  placed 
at  either  extremity  of  the  cord.  Cramps  of  the  same  character 
are  also  produced  when  one  electrode  is  applied  to  the  anterior 

■ 

and  the  other  to  the  posterior  column,  either  at  their  upper  or 
lower  extremities. 

If  the  spinal  cord  be  divided  at  about  its  centre,  and  the  lower 
half  electrized,  only  the  muscles  of  the  lower  or  hinder  limbs  will 
contract.  If  the  upper  half  be  electrized,  only  the  muscles  of  the 
fore  limbs  \i'ill  enter  into  contraction.  The  results  will  be  the 
same,  whether  the  cut  extremities  are  separated  or  brought  in 
close  contact,  in  which  latter  condition  no  impediment  is  offered 
to  the  passage  of  the  current.     Hence  it  is  fair  to  conclude — 

ist  That  the  muscular  contractions  observed  are  not  due  to 
the  passage  of  the  electric  current  from  the  nervous  centre  to  the 
motor  nerve, — but  from  the  fact  that  electrization  excites  the 
inherent  power  of  the  cord,  from  which  arise  the  muscular  con- 
tractions. 

2d.  That  the  spinal  cord  is  the  ner\*ous  centre  for  all  the  mus- 
cles of  the  trunk  and  limbs. 

At  the  moment  of  closing  and  breaking  a  galvanic  current,  its 
action  u])on  the  cord  is  manifest  by  the  contraction  of  the  muscles 
of  the  body  and  limbs  ;  but  during  the  passage  of  the  current  no 
contractions  are  obser\*eil.  and  a  paralyzing  effect  soon  takes 
place.  The  cord  remains  insensible  to  any  stimulus  that  may  be 
applied  to  it  as  long  as  the  current  is  i^assing,  but  at  its  cessation 
any  mechanical  irritation  will  give  rise  to  the  usual  tetanic  con- 
vulsions.    This  diminution  of  excitabilitv  is  confined  alone  to  the 

* 

spinal  conl,  fi>r  if  the  motor  norv*es  and  muscles  are  traversed  by 
an  induced  current  (while  the  conl  is  under  the  influence  of  the 
galvanic)  thoy  contract  vigonnisly.  The  galvanic  current  applied 
thnnigh  the  spinal  cord  for  a  long  time  ]>nxluces  i>aralysis. 

Although  tlu*  electric  currents  -  both  galvanic  and  faradic — 
produce  convulsions  when  applied  directly  to  the  spinal  cord, 
or  tubercula  quadrigoinina,  yet  no  such  ciVect  is  pnHluceil  when 
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the  applications  are  made  externally  over  the  head  and  down  the 
spine — although  it  is  now  well  established  that  in  all  such  external 
applications  the  brain  and  spinal  cord  are  traversed  by  the  cur- 
Tent  The  cervical  sympathetic  nerve,  which  animates  the  radial 
fibres  of  the  iris,  takes  its  rise  from  the  spinal  cord  between  the 
seventh  cervical  and  the  sixth  dorsal  vertebrae. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is 
transmitted  to  the  cervical  sympathetic  nerve  and  thence  to 
the  iris,  producing  dilatation  of  the  pupil.  This  point  has  been 
termed  by  Budge  and  Waller  the  centrum  cilio-spinale,  A  ganglion 
near  the  fifth  lumbar  vertebra,  which,  on  being  electrized  in  a^ 
mals,  produces  contractions  of  the  rectum  and  bladder,  is  called 
the  ganglion  genito-spinale. 

The  first  of  these  points,  the  centrum  cilio-spinale^  can  be 
demonstrated  by  external  applications,  both  of  the  galvanic  and 
faradic  currents,  and  is  of  great  importance  in  therapeutics. 
The  ganglion  genito-spinale  also  is  probably  directly,  though  not 
so  demonstrably,  affected  by  external  electrization  of  the  spine, 

V. — All  the  phenomena  observed  after  the  section  of  the  great 
sympathetic  disappear  when  the  cranial  portion  of  the  nerve  is 
submitted  to  the  action  of  the  electric  current,  and  in  the  living 
man  the  sympathetic  can  be  directly  affected  by  electrization. 

In  1727,  M.  Pourfour  du  Petit  discovered  that  the  following 
symptoms  resulted  from  division  of  the  cervical  filaments  of  the 
sympathetic  nerve ;  viz..  Contraction  of  the  pupil,  redness  and 
injection  of  the  conjunctiva,  and  flattening  of  the  cornea ;  the 
eyelids  approach  each  other,  the  nictitant  membrane  becomes 
more  prominent,  the  secretion  from  the  mucous  surfaces  of  the 
eye  is  increased,  and  the  eyeball  is  drawn  further  into  the  orbit. 
In  addition  to  these  symptoms,  the  ears  and  nostrils  also  become 
red  and  injected,  and  the  head  hotter  and  more  sensitive. 

Claude  Bernard  observed  that  not  only  did  all  these  phenome- 
na disappear  when  the  cranial  portion  of  the  nerve  was  submitted 
to  electrization,  but  that  they  became  even  more  decided  in  an 
inverse  direction.  The  pupil  became  larger  than  natural ;  the 
conjunctiva,  the  ears,  and  the  nostrils  became  quite  pale  ;  the  eye- 
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ball  protruded  from  its  orbit ;  the  mucous  surfaces  became  drier, 
and  the  head  cooler  and  less  sensitive ;  but  as  soon  as  electriza- 
tion was  discontinued  all  the  phenomena  caused  by  the  section  of 
the  nerve  again  appeared.  Electrization  of  the  great  sympathetic  , 
before  it  is  divided,  produces  almost  precisely  the  same  results  as 
after  division.  Most  of  these  phenomena  that  follow  the  section 
of  the  nerve  are  due  to  a  relaxation  of  the  muscular  fibres  of  the 
arteries,  by  which  their  tension  is  diminished  and  their  capacity 
increased,  in  consequence  of  which  a  greater  volume  of  blood 
flows  through  the  arteries.  It  has  been  observed  by  Professor 
Weber,  that  if  either  the  inferior  cervical  ganglion  of  the  sympa- 
thetic nerve  or  its  cardial  branches  are  submitted  to  electrization 
the  action  of  the  heart  is  accelerated,  while  electrization  of  the 
vagi  stops  its  pulsation. 

The  splanchnic  nerves  arise  from  the  six  lower  dorsal  ganglia 
of  the  sympathetic  "-i^- 

Pfluger  discovered  that  the  action  of  the  electric  current  on 
these  nerves  immediately  arrests  the  peristaltic  movements  of  the 
small  intestines. 

From  this  he  concluded  that  the  power  of  diminishing  or  arresting 
the  peristaltic  movements  resided  in  the  splanchnic  nerves,  which 
he  termed  the  checking  nerve  system.  Mr.  Lister  has,  however, 
found  that  this  power  is  possessed  only  by  a  strong  electric  current, 
while  the  stimulus  of  a  mild  current  increases  the  peristaltic  action. 

The  division  of  the  sympathetic  nerve  modifies  very  markedly 
the  effects  of  direct  electrization  of  the  ear.  Section  of  this  nerve 
causes,  as  we  have  seen,  increase  of  heat  in  the  ear.  Now  if  the 
cephalic  end  of  the  divided  sympathetic  is  electrified,  the  increased 
temperature  of  the  part  is  lowered ;  but  if  the  electric  ciurent  is 
passed  through  the  large  diameter  of  ear,  the  temperature  is 
further  increased.  On  the  other  hand,  if  there  has  been  no  divi- 
sion of  the  sympathetic,  and  the  ear  is  electrified,  the  heat  in  that 
part  is  lessened. 

Valentin  found  that  galvanization  of  the  superior  thoracic  gan- 
glion revived  the  pulsation  of  the  heart  after  it  had  ceased,  and 
increased  the  frequency  of  tlic  beats  when  already  in  action. 
Von  Wittich  found  that  galvanization  of  the  sympathetic  caused 
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very  much  increased  salivary  secretion  in  the  parotid  gland.    Eck- 
hard,  however,  did  not  obtain  this  result. 

It  is  shown  by  the  experiments  of  Kupffer,  and  Ludwig,  and 
Pfliiger  that  galvanization  of  the  splanchnic  either  caused  peris 
taltic  movement  or  the  reverse,  according  to  the  degree  of  the 
excitation.* 

Our  own  experiments  show  that  external  electrization  of  the 
cervical  sympathetic  has  a  very  marked  influence  on  the  pulse, 
in  some  cases  accelerating  the  beat,  in  others  producing  the 
reverse  effect,  according  to  the  degree  and  locality  of  the  irrita- 
tion ;  and  also  causes  marked  cJianges  in  tJu  vascular  condition 
of  the  retina.     (See  chapter  on  Sympathetic.) 

Diplegic  Contractions, — A  very  marked  effect  of  the  electric 
current  upon  the  ganglia  of  the  sympathetic  are  the  diplegic  con- 
tractions^ which  usually,  though  it  is  believed  not  necessarily,  in- 
dicate a  pathological  condition. 

The  name  diplegic  (5i.c,  and  flrXtjtftfsiv,  to  strike)  was  given 
by  Remak  to  this  form  of  contractions,  because  they  were  pro- 
duced by  placing  the  electrodes  on  two  different  points  distant 
from  the  muscles  in  which  they  occur.  The  contractions  are  pro- 
duced by  placing  the  positive  pole  in  the  auricular  maxillary  fossa, 
and  the  negative  by  the  side  of  the  vertebrae,  at  some  point  below 
the  sixth  cervical.  The  theory  of  Remak,  that  these  contractions 
were  produced  by  the  irritation  of  the  superior  cervical  ganglion  of 
the  sympathetic,  was  confirmed  by  the  experiments  of  Fieber  f  on 
animals,  in  which  the  superior  cervical  ganglion  of  the  sympathetic 
was  exposed.  They  can  also  be  produced  by  other  methods  of 
electrization  of  the  sympathetic.     (See  chapter  on  Sympathetic.) 

VI.  The  galvanic  current  acting  on  the  optic  nerve  causes  {by 
reflex  action^  a  flash  of  light  to  appear  before  the  eye. 

The  action  of  galvanism  on  the  retina  was  known  to  Volta 
nearly  one  hundred  years  ago.  Duchenne  was,  however,  the  first  to 

•  Quotetl  by  Edes  in  his  prize  essay  on  the  Physiology  and  Pathology  of  the 
Sympathetic  and  Ganglionic  Nervous  System.  Transactions  of  the  Academy 
of  Medicine,  vol.  iii.,  part  viii.,  1869,  p.  78. 

f  Die  diplegischen  Contractionen  nach  Versuchen  an  Menschen  und  Thieren, 
p.  21.   Berlin :   1866. 
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call  general  attention  to  this  phenomenon.  He  applied  the  contin- 
uous current  from  a  voltaic  pile  to  the  face  of  a  patient  suffering 
from  paralysis  of  the  portio  dura.  The  victim  of  this  experiment 
perceived,  when  the  electrodes  were  applied,  a  bright  flash  of  light, 
and  exclaimed  that  the  room  was  in  a  blaze.  A  total  and  perma- 
nent loss  of  sight  was  the  result.  No  other  similar  accident  from 
the  application  of  the  galvanic  current  to  the  face  is  on  record. 
When  the  organ  of  vision  is  thus  acted  upon  there  is,  of  course,  no 
real  development  of  light.  The  flash  is  seen  because  the  galvan- 
ism excites  the  vital  energy  of  the  optic  nerve.  Static  electricity 
and  the  magneto-electric  current  act  slightly  upon  the  retina,  but 
the  faradic  current — unless  its  tension  is  very  great — can  be 
made  to  affect  it  little,  if  any,  except  in  rare  pathological 
cases.  The  flash  of  light  produced  by  galvanic  excitation 
appears  colored.  When  the  positive  pole  is  applied  nearest 
the  eye  the  light  is  blue  ;  when  the  negative  is  applied  neare^ 
the  eye  it  is  orange-colored.  The  light  is  strongest  when  the 
positive  electrode  is  placed  at  a  point  corresponding  to  the 
macula  lutea,  and  darkens  as  it  is  placed  at  a  point  nearer  the 
periphery  of  the  field  ;  while  if  the  negative  electrode  is  applied 
to  the  same  point  the  light  is  less  brilliant,  but  becomes  brighter 
when  it  is  moved  towards  the  periphery  of  the  field. 

According  to  Helmholtz,  the  action  of  the  downward  current, 
darkening  the  visual  field,  proves  that  the  electricity  both  stimu- 
lates and  alters  the  irritability  of  the  nerve.  Since  this  appearance 
of  light  takes  place  by  reflex  action  from  the  branches  of  the  fifth 
pair  to  the  retina,  it  is  produced  when  the  electrodes  touch  any 
point,  provided  the  part  is  supplied  by  a  filament  of  the  trigemi- 
nus. Consequently,  if  one  electrode  is  placed  on  the  tongue,  or 
on  any  part  of  the  mucous  surface  of  the  mouth  or  nose,  and  the 
other  on  any  part  of  the  surface  of  the  body,  the  flash  is  readily 
perceived.  We  have  observed,  also,  on  several  occasions,  that 
when  the  eyes  were  inflamed  the  current  produced  a  brighter  sen- 
sation of  light  than  usual. 

VII. — If  a  current  of  electricity  be  passed  through  the  drum  of 
the  ear,  sounds  are  heard  by  the  one  on  whom  the  experiment  is  tried^ 
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and  the  auditory  nerve  can  be  made  to  react  to  the  galvanic  cur- 
rent in  a  regular  manner. 

These  sounds  are  as  readily  excited  by  the  faradic  as  by  the 
galvanic  current.  The  character  of  the  sounds  produced,  how- 
ever, differs  with  the  current  used,  and  the  electrode  with  which 
the  application  is  made,  the  negative  possessing  greater  power 
than  the  positive. 

Ritter  observed  that  the  pitch  of  the  tone  heard,  when  a  direct 
galvanic  current  was  passed  through  his  ears,  was  G,  and  as  the 
intensity  of  the  current  was  increased  the  sound  became  higher. 
An  inverse  current  produced  a  sound  lower  than  G,  and  which 
continued  to  grow  still  lower  so  long  as  the  current  increased  in 
intensity.  During  electrization  of  the  membrana  tympani  the 
chorda  tympani  is  excited,  thus  producing  an  unpleasant  metallic 
taste  and  a  flow  of  saliva.  The  first  of  these  phenomena  is  ac- 
counted for  from  the  fact  that  this  nerve  enters  into  the  tongue, 
and  contributes  to  the  perception  of  taste. 

The  explanation  of  the  second  phenomenon  is,  that  some  fibres 
of  the  electrified  chorda  tympani  are  distributed  to  the  sub-maxil- 
lary ganglion.  The  disputed  question  whether  the  auditory  nerve 
can  be  made  to  react  to  the  galvanic  current  would  now  appear  to 
be  definitely  settled. 

According  to  the  experiments  of  Brenner,  that  have  been  con- 
firmed by  Erb,  the  auditory  nerve  reacts  to  the  galvanic  current 
by  certain  fixed  laws. 

This  normal  formula,  as  represented  by  Erb,  is  as  follows :  * 

Ka  S  Kl,  distinct  accented  sound. 

Ka  D  Kl  > ,  sound  disappearing  by  degrees. 

Ka  O  — ,  no  sensation  of  sound. 

An  S  — ,  "  "  " 

An  D  — ,  "  "  " 

An  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 

In  the  above  formula,  Ka  =  Kathode  (negative  pole),  An=:An- 

•  Sec  Dr.  Pooley's  translation  of  Dr.  Erb's  paper  on  the  "  (Jalvanic  Reac- 
tion of  the  Nervous  Apparatus  of  Hearing  of  Health  and  Disease,"  in  Archives 
of  Ophthalmology  and  Otology,  Vol.  I.,  No.  i. 
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ode  (positive  i)ole),  S= closing  (schliesung),  0= opening  (oeff- 
nung),  I  )  =  duration  of  current. 

l*f= whistling  sound. 

Kl  =  ringing         " 

Z  2=  hissing         ** 

These  experiments,  which  were  made  with  currents  of  moderate 
intensity — from  lo  to  15  elements — were  attended  with  consid- 
erable difficulty,  and,  on  account  of  the  great  sensitiveness  of  the 
external  auditory  canal  and  membrana  tympani,  can  only  be  suc- 
cessfully made  after  long  and  careful  practice. 

With  some  persons  the  pain  is  so  intense  that  the  experiments 
cannot  be  satisfactorily  conducted. 

The  results  t)btained  by  Brenner  and  Erb  accord  with  the  con- 
traction law  of  Pfliiger,  and  the  accepted  views  concerning  the 
polar  action  of  the  galvanic  current. 

The  leading  idea  obtained  by  these  experiments  is  that,  on  the 
closing  of  the  current  the  excitement  appears  at  the  cathode  (Ka), 
on  the  opening  0/  the  circuit  at  the  anode  (An). 

The  excitement  at  the  cathode  at  the  closing  of  the  circuit  is 
n^anifostal  sooner  and  stronger  than  that  which  takes  place  at  the 
anode  on  ti\e  opening  of  the  ciRniit. 

Any  deviation  front  the  al>iKr  Ian*  is  to  be  considered  abnormal^ 
and  indicates  sU*me  patM^logical  condition, 

*rho  diagnostii'  and  therapeutic  Ix'aring  of  these  exjKriments 
will  bo  diM'ussed  in  the  chapter  devoteil  to  the  treatment  of  dis- 
iMsos  of  liu*  car. 

The  miHlo  of  application  employed  by  Erb  was  to  place  the 
calhtHlo  in  the  oMoinal  a\uUtory  canal  previously  filled  with  warm 
sirtll  \valei»  o»  pleased  fiiudy  against  the  tragus,  so  as  to  close  the 
auditoiy  \v^>j*;\|;e»  while  the  auinle  is  fastcneil  to  the  back,  on  the 
M\lo  \*p|Hwiio  \\w  c^\i  which  is  under  cvamination. 

The  rt^'ouMu^  unu  n\M^  which  t\>llo\vs  this  metluxl  of  application 
is  complil.\^^^l  noi  onl\  with  |Min»  but  al>o  by  di.-,-ineiys  flashes  of 
li^iht  boloiv  d\o  \  \0N  tonhactiwu  of  the  nussctens  and  in  some 
ea>o>  b\  t\,u\M\\» 
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intense  current  of  galvanic  or  frictional  electricity^  the  persons 
on  whom  the  experiment  is  tried  will  experience  a  peculiar  smell. 

Fitter  says  that  a:  peculiar  smell  is  excited  that  continues  some 
time  after  the  circuit  is  broken.  Meyer  has  perceived  an  "  in- 
crease of  the  mucous  secretion,  as  well  as  a  pricking,  stinging 
sensation  in  the  nose."  If  the  current  be  in  an  inverse  direction, 
there  is  an  acid  smell  and  loss  of  the  power  of  sneezing  at  its 
commencement,  and  so  long  as  it  continues  to  pass  ;  while  at  its 
cessation,  and  for  a  short  time  afterwards,  there  is  an  ammo- 
niacal  smell  and  an  inclination  to  sneeze. 

On  the  contrary,  if  the  current  is  passed  directly  towards  the 
periphery,  the  order  of  these  two  phenomena  is  reversed. 

Schiinbein  affirms  that  the  peculiar  smell  experienced  from  the 
passage  of  the  electric  current  is  caused  by  the  ozone  produced 
by  the  action  of  the  electricity  on  oxygen. 

IX. — If  tivo  heterogeneous  metals^  such  as  zinc  and  silver^  are 
applied  to  the  tongue^  a  peculiar  sensation  of  taste  is  excited. 

This  fact  was  known  many  years  before  the  discovery  of  gal- 
vanism. In  1754  it  was  noticed  by  M.  Sulzer  that  lead  and 
silver,  when  connected,  and  then  brought  in  contact  with  the 
tongue,  gave  rise  to  a  peculiar  taste,  similar  to  that  produced  by 
vitriol  of  iron.  If  we  apply  a  piece  of  zinc  to  the  upper,  and 
one  of  silver  to  the  lower  part  of  the  tongue,  a  powerful  acid  taste 
will  be  experienced  under  the  zinc  plate,  and  a  slight  alkaline 
taste  under  the  silver  plate.  These  sensations  are  perceived  as 
long  as  the  circuit  is  closed,  but  if  the  plates  or  the  tongue  be 
much  warmer  or  colder  than  natural,  very  little  if  any  sensation 
is  produced.  If  the  tension  of  the  current  be  much  increased, 
by  using  several  pairs,  the  tongue  becomes  convulsed,  and  a  tlash 
of  light  is  perceived.  When  neither  of  the  electrodes  touches  the 
tongue  a  metallic  instead  of  an  acid  or  alkaline  taste  is  produced. 
In  susceptible  patients  a  metallic  taste  is  produced  by  galvaniza- 
tion of  the  spine  and  ezrn  of  the  extremities. 

Sparks  from  a  frictional  machine  affect  the  tongue  in  a  man- 
ner somewhat  similar  to  galvanic  electricity. 
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X. — The  interrupted  galvanic  current,  acting  upon  a  motor  nerve^ 
will  cause  all  the  muscles  supplied  by  that  nerve  to  contract. 

Galvani  discovered  that  muscular  contractions  were  produced 
at  the  moment  the  nerve  and  muscle  of  a  frog  were  connected  by 
means  of  a  heterogeneous  arc  of  metal.  Volta  found  that  con- 
tractions were  as  readily  produced  when  the  nerve  alone  was  en- 
closed in  the  circuit,  and  Valli,  an  Italian  philosopher,  observed 
that  another  contraction  followed  when  the  circuit  was  broken. 
In  order  that  this  phenomenon  may  be  observed,  it  is  necessary 
that  the  current  traverse  the  nerve  in  an  oblique  direction.  A 
current  passed  transversely  through  would  cause  no  sensible  ef- 
fect. The  galvanic  current  has  no  power  to  produce  contractions 
without  the  nerve  is  in  a  state  of  integrity.  If  a  wet  thread  be 
tightly  wound  around  a  motor  nerve,  no  strength  of  current,  if 
applied  above  the  point  of  ligature,  would  be  sufficient  to  affect 
the  muscles  supplied  by  the  nerve,  although  the  electricity  will 
pass  as  readily  as  ever.  Again,  let  a  motor  nerve  be  submitted 
to  the  action  of  the  woorara  poison,  and  electricity  is  powerless 
to  cause  the  muscles  which  it  supplies  to  respond  to  its  action. 
We  have  obser\*ed  that  a  continuous  galvanic  current  of  uniform 
intensity  pnxluces  no  visible  effects  on  the  muscles  bet^'een  the 
closing  and  opening  of  the  circuit  If,  however,  we  vary  the  in- 
tensity of  the  current  in  any  way,  contractions  ^*ill  be  produced 
as  readily  as  when  the  current  is  opened  or  closed.  Hence  it  was 
conchuknl  bv  Ou  Ikns-Rovmond  that  '*the  motor  ner\'e  is  not 
excited  by  liu*  absolulo  anunmt  of  the  densit}-  of  the  current,  but 
men^ly  by  tl\o  variations  which  occur  in  the  densit)*  of  the  cur- 
rent fn>m  i>ne  iuNtant  to  another ;  and  the  physiological  effect  is 
the  grrixter,  the  n>oix*  i  onsidonible  are  the  variations  of  the  den- 
sity of  the  cunYiU  ;  that  is,  in  pn^jH^rtion  as  they  take  place 
mori*  nipidlw  or  as  tiioy  are  more  considerable  in  a  given  space 
of  time."  If  the  current  is  iuterniptetl  slowly  the  contractions 
will  bo  t/»»^i»\  il*  lapidlv  iutonvq^tod  the  a>ntn\ctions  will  l>e  Awr. 

i>n  acc\>unt  i^f  tlu*H\*  tou^ukable  physix^logical  phenomena  it 
would  bo  iu\v\t'o  t\»  h^,\ko  UMM^t  .\  jirtlvrtuio  i  \>rnM\t  v^fsutficiont  inten- 
sity to  i\^v\Mnph^h  \\\  \ruau\  kuoh  the  iuvcnmiv  thoraivutical  re- 
sult, if  wo  \\m\  wkA  at  \»ui  iohuxwud  a  unuIv  mothinl  of  ivnirv>llins: 
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its  effects.  The  violent  contractions  that  occur  at  the  moment  of 
closing  and  opening  the  circuit  of  an  intense  current  may  be 
avoided,  if  we  begin  with  an  extremely  mild  current  and  slowly 
and  gradually  increase  its  tension. 

By  this  method  Ritter  was  enabled  to  pass  through  his  own 
person,  without  experiencing  either  the  closing  or  opening  shock, 
the  enormous  current  generated  from  a  battery  of  200  elements. 

The  fluctuations  of  the  current  may  be  readily  controlled  by 
the  means  of  the  rheocord  devised  by  Du  Bois-Reymond.*  The 
rheostat  is,  however,  for  practical  purposes,  equal  if  not  superior 
to  the  rheocord.  Of  the  various  apparatus  constructed  with  this 
improvement,  that  of  Siemens  and  Halske  is  probably  the  best. 

From  the  explanation  of  Du  Bois-Reymond,  quoted  above,  we 
can  readily  understand  the  action  of  the  induced  or  faradic  cur- 
rents upon  nerves  and  muscles.  They  are  instantaneous,  and 
succeed  each  other  more  or  less  quickly,  according  to  the  rapid- 
ity with  which  the  circuit  of  the  battery  is  closed  and  opened. 
By  means  of  the  rheotome  the  intennittences  may  be  made  so 
rapidly  that  the  intervals  between  the  contractions  are  too  short 
to  be  distinguished,  and  consequently  appear  continuous,  as  if  pro- 
duced by  the  will.  A  muscle  subjected  to  the  influence  of  an 
interrupted  current  contracts  with  vigor  only  at  the  points  where 
the  electrodes  are  placed.  In  order  to  produce  complete  con- 
tractions of  all  its  fibres,  therefore,  it  is  necessary  to  bring  the  elec- 
trode successively  in  contact  with  ever)'  portion  of  its  surface. 

In  producing  the  phenomenon  of  contraction,  the  intensity  and 
direction  of  the  current,  as  well  as  its  variations,  are  of  great  import- 
ance. The  galvanic  current  alone  has  the  power  to  cause  calo- 
rific and  chemical  action  sufficient  to  destroy  a  nerve.  If  it  be  in- 
terrupted, however,  by  means  of  a  rheotome  it  is  no  more  effica- 
cious in  this  respect  than  the  faradic  current.  If  an  uninterrupted 
galvanic  current  of  feeble  intensity  be  applied  to  a  nerve,  it  (the 
nerve)  will  retain  its  excitability  a  long  time ;  but  if  the  tension  of 
the  current  be  very  great,  the  excitability  of  the  nerve  will  soon 
be  destroyed,  and  it  will  cease  to  respond  to  the  electric  stimulus. 

♦  Beiichreibung  einiger  Vorrichtungcn,  pp.  119- 131. 
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This  effect  is  due  to  electrolysis.  The  nerve  is  cauterized  by  the 
action  of  an  alkali  liberated  from  the  salt  solution,  and  in  conse- 
quence of  the  decomposition  of  the  water,  hydrogen  is  developed 
around  the  negative  pole,  where  the  most  marked  chemical  and 
calorific  action  takes  place. 

If  a  nerve  thus  injured  be  submitted  to  the  influence  of  an  in- 
duced or  a  mild  galvanic  current  along  the  course  already  acted 
upon  by  the  current,  no  contractions  will  be  produced.  But  if 
the  electrodes  be  placed  below  the  point  where  the  negative  pole 
has  been  situated,  so  that  the  current  may  traverse  a  portion  of 
the  nerve  that  has  not  been  subjected  to  electrization,  it  will 
again  animate  the  muscles  supplied  by  the  nerve. 

In  observing  the  phenomenon  of  electric  contraction  the  direc- 
tion of  the  current  is  also  to  be  considered.  The  motor  nerves 
are  excited  differently,  according  as  the  current  is  descending  or 
ascending. 

This  is  very  well  illustrated  by  experiment  with  a  frog,  prepared 
after  the  manner  of  Galvani.  If  either  leg  is  connected  with  the 
pole  of  a  galvanic  pair,  it  will  be  observed  when  the  current  is 
established  that  contractions  do  not  take  place  in  both  limbs  at 
the  same  time.  At  the  moment  of  closing  the  circuit,  the  leg 
in  which  the  current  is  descending  becomes  convulsed,  while  at 
the  moment  the  circuit  is  broken,  the  leg  in  which  the  current  is 
ascending  suffers  contraction.  In  order  to  perform  this  experi- 
ment successfully,  it  is  not  only  necessary  that  the  current  be  very 
feeble,  but  that  the  nerve  should  have  lost  a  certain  amount  of  its 
excitability,  as  is  the  case  a  short  time  after  death,  and  also  after 
it  has  been  influenced  by  the  galvanic  current  for  a  long  time. 

In  the  dead  animal,  after  a  certain  time  has  elapsed,  the  descend- 
ing current  only  will  cause  contractions,  and  finally  the  nerves 
lose  completely  their  electro-muscular  contractility.  These  phe- 
nomena have  excited  the  attention  of  several  explorers  in  this  de- 
partment, but  especially  of  Nobili  of  Reggio. 

He  distinguished  five  different  degrees  of  the  excitability  of  the 
nerves,  three  of  which  may  exist  at  the  same  time  in  the  same  nerve. 

Ritter,  who  was  the  first  to  give  any  special  attention  to  this  sub- 
ject, observed  that  a  weak  descending  current  from  a  single  gal- 
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vanic  pair  exercised  after  a  certain  length  of  time  a  paralyzing 
action  on  the  nerve,  while  the  ascending  current  augmented  its 
irritability.  The  irritability  of  a  nerve  thus  lost  by  the  descend- 
ing is  readily  regained  by  the  use  of  the  ascending  current 

Volta,  in  experimenting  with  a  current  of  greater  tension,  found 
that  both  the  descending  and  ascending  currents  exercised  a  par- 
alyzing influence  after  a  certain  time ;  but  when  the  nerve  had 
lost  its  irritability  through  the  action  of  either,  its  vigor  was  read- 
ily restored  by  the  use  of  the  other  current.  These  results  of  Volta 
were  afterwards  confirmed  by  Marianini.  The  most  important 
experiments  concerning  the  action  of  galvanism  on  irritated 
nerves  were  made  by  Prof  Eckhard,  with  only  two  of  Daniell's 
cells. 

From  his  researches  he  concluded  that  the  ascending  current 
may,  after  a  certain  length  of  time,  diminish  the  excitability  of 
a  tetanized  nerve  throughout  its  whole  course,  while  the  descend- 
ing current  diminishes  its  excitability  at  those  points  only  beyond 
the  positive  i)ole,  and  where  the  electrodes  are  placed.  Eck- 
hard's  conclusions  were  drawn  exclusively  from  trials  made 
upon  nerves  separated  from  the  body.  Bernard  experimented 
upon  nerves  whose  connection  with  the  spinal  cord  had  not  been 
severed,  and  thus  obtained  very  different  results. 

A  galvanic  current,  either  descending  or  ascending,  passed 
through  a  nerve  while  in  its  normal  physiological  condition, 
produced  contractions  only  at  the  moment  the  circuit  was 
closed.  If  the  nerve  was  somewhat  exhausted  from  any  cause 
the  current  produced  contractions,  not  only  at  the  closing,  but 
at  the  opening  of  the  circuit.  If  the  exhaustion  of  the  nerve 
was  more  marked,  contractions  were  caused  only  on  closing  the 
descending  and  breaking  the  ascending  current ;  and  if  the  ex- 
haustion became  still  greater,  only  a  single  contraction  could  be 
observed  on  closing  the  descending  current. 

15y  an  effort  of  the  will  it  is  easy  to  resist  successfully  the  action 
of  the  uninterrupted  current  within  certain  limits.  To  cause  con- 
tinued and  powerful  contraction  by  galvanism  while  the  circuit  is 
closeil,  it  is  necessary  that  the  current  be  of  such  enormous  tension 
that  frequently  great  j)ain  is  excited.    It  is  rarely,  if  ever,  neces- 
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sary  in  the  treatment  of  disease  to  produce  such  violent  effects. 
Remak  terms  the  contractions  produced  in  this  manner,  galvano- 
tonic. 

Having  seen  that  galvanic  irritation  of  a  motor  nerve  causes 
the  muscles  supplied  by  that  ner\'e  to  contract,  the  question 
naturally  arises  as  to  the  existence  or  not  of  a  vis  musculosa 
insita.  In  other  words,  may  the  irritability  of  the  muscle  be  a 
pro^>erty  inherent  in  the  muscular  fibre  itself? 

An  insurmountable  obstacle  for  many  years  to  the  solution  of 
this  question  was  the  great  difficulty  experienced  in  preparing 
muscular  fibre  without  nerve  fibrils. 

Haller  was  the  first  to  declare  that  irritability  was  a  property 
inherent  to  the  muscular  fibre. 

He  was  maintained  in  this  opinion  by  Volta,  Longet,  Mari- 
anini,  Matteucci,  Bowman,  Claude  Bernard,  and  others,  while 
Marshall  Hall,  Humboldt,  Weber,  Muller,  Eckhard,  Remak,  and 
others  opposed  him. 

Notwithstanding  the  careful  researches  of  these  investigators, 
the  question  still  remained  unsettled,  fi-om  the  fact  that  no  one 
had  attempted  to  prove  Hallerian  irritability  by  means  of  mus- 
cular fibre  from  which  all  ner\'Ous  fibrils  had  been  eradicated. 

Bowman  took  the  first  step  in  this  direction,  but  his  proofs 
were  not  conclusive.  Claude  Bernard  then  commenced  his  re- 
searches on  the  physiological  action  of  the  woorara  ix)ison,  and 
notwithstanding  the  objection  of  Eckhard,  advanced  convincing 
proofs  of  the  existence  of  an  irritabilit}-  proper  of  the  muscles. 
Woorara,  it  is  well  known,  is  the  most  deadly  poison,  and  imme- 
diatcly  destroys  the  integrity  of  a  ncr\e.  Bernard  found,  if  a 
small  piece  of  this  substance  was  introduced  under  the  skin  of  the 
leg  of  a  prcparctl  frog,  until  it  ceased  to  show  signs  of  life,  and 
then  the  galvanic  current  was  passed  through  a  |X)rtion  of  the 
lumbar  nerve,  noi  the  slightest  convulMons  of  the  muscles  were 
pnuhuotl.  If  \W  elorlrodes  wore  api^lied  directly  to  the  mus- 
cles, inimodialo  t onlisulions  wore  priHlurod, 

Both  Kiillikoi  and  AUI^aus  have  tonfjnnod  by  their  exi>eri- 
nienls  the  irsran  hrn  i>t  lUMU.ntl  ;  ilwjs  londoring  it  evident  that 
the  oliMiiii    unnMU    iiia\   iltHitnb  ihr  inolot  ul;\i   equilibrium  of 
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muscles  deprived  of  all  nervous  matter,  as  well  as  that  of  the 
nerves. 

It  will  be  observed,  however,  that  by  exciting  the  trunk  of  a 
motor  nerve,  all  the  muscles  suppHed  by  the  branches  of  that 
nerve  will  be  brought  into  contraction ;  while  if  the  current  be 
applied  directly  to  the  muscle,  only  those  fibres  contract  that  are 
directly  affected  by  it. 

The  molecular  equilibrium  of  the  nerve  fibre  is  much  more 
easily  disturbed  by  the  electric  current  than  that  of  the  muscular 
tissue,  whether  a  feeble  current,  ascending  or  descending,  produces 
contraction  at  the  closing  of  the  circuit 

Different  Action  of  the  Galvanic  and  Faradic  Currents  in 
producing  Muscular  Contraction, — Muscles,  when  in  health,  con* 
tract  more  readily  under  the  influence  of  the  faradic  current  than 
of  the  interrupted  galvanic.  In  certain  paralysis  of  various  parts 
of  the  body,  and  especially  of  the  face,  the  muscles  lose  their 
excitability  to  the  faradic  current,  while  the  interrupted  galvanic 
produces  contraction  in  them  more  easily  than  in  healthy  muscles. 

As  the  muscles  improve,  and  in  proportion  as  they  regain  their 
irritability  to  the  faradic  current,  in  that  proportion  do  they  lose 
it  to  the  interrupted  galvanic  current. 

These  phenomena,  which  have  been  demonstrated  by  a  variety 
of  observers  (see  chapter  on  Paralysis),  are  to  be  explained 
by  the  fact  that  muscular  fibre  in  disease  undergoes  degeneration 
that  makes  it  incapable  of  responding  to  the  electric  influence  as 
rapidly  as  in  health.  Now  the  interruptions  of  the  faradic  currents 
are  exceedingly  rapid,  and  do  not  give  the  diseased  degenerated 
muscle  suflftcient  time  to  contract  under  its  influence.  The  inter- 
ruptions of  the  galvanic  current  may  be  made  as  slowly  as  the 
operator  desires,  and  therefore  give  the  muscles  all  the  time 
needed  for  contraction.  In  healthy  muscles,  on  the  contrary,  the 
interruptions  of  the  galvanic  current  are  not  made  as  rapidly  as  is 
necessary  to  bring  out  their  full  contractile  power,  while  the  in- 
terruptions of  the  faradic  current  are  always  exceedingly  rapid, 
though  no  more  so  than  the  healthy  muscle  requires. 

The  power  of  the  galvanic  current  to  produce  contractions, 
when  the  faradic  fails,  is  probably  also  in  a  measure  due  to  its 
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greater  chemical  properties,  and  this,  in  turn,  to  its  longer  con- 
tinuance of  action. 

pflueger's  law  of  contraction. 

A  feeble  current,  whether  ascending  or  descending,  produces 
contraction  at  the  closing  of  the  circuit. 

A  current  of  moderate  intensity,  ascending  and  descending,  pro- 
duces contraction  both  at  the  opening  and  closing  of  the  circuit 

A  strong  current,  when  ascending,  produces  contraction  at  the 
opening,  and  when  descending,  contraction  at  the  closing  of  the 
circuit. 

According  to  Marianini,  the  ascending  current  produces  more 
contraction  at  the  closing  and  opening  of  the  circuit ;  and  the 
descending,  more  pain  at  the  closing,  opening,  and  after  the 
closing  of  the  circuit 

Electro-muscular  Contractility  and  Electro-muscular  Sensibility. 
— The  susceptibility  of  the  muscle  to  contract  under  the  influence 
of  the  electric  current  is  called  electro-muscular  contractility. 
The  sensation  that  accompanies  this  contraction  of  the  muscles 
under  the  electric  influence  is  called  electro-muscular  sensibility. 
Electro-muscular  contractility  and  electro-muscular  sensibility 
vary  in  different  individuals,  and  in  different  parts  of  the  body. 
They  are  greatly  modified  by  disease.  This  fact  is  of  great  im- 
portance in  diagnosis  of  paralytic  affections. 

This  will  be  pointed  out  more  fully  in  the  chapter  on  Electriza- 
tion as  a  Means  of  Diagnosis^  and  in  the  section  on  Paralysis, 

The  electro-muscular  contractility  and  sensibility  of  the  mus- 
cles in  the  different  parts  of  the  body  are  modified,  firsts  by  the 
anatomical  position  of  the  muscles  ;  secondly^  by  the  quantity 
and  distribution  of  the  sensitive  nerves ;  and  thirdly^  by  the 
thickness  of  the  skin  and  adipose  tissue. 

The  muscles  of  the  face,  the  platysma  myoides  and  stemo- 
cleido-mastoid  are,  in  health,  very  sensitive  to  the  electric  in- 
fluence. Next  in  order  of  sensitiveness  to  the  electric  current 
are  the  anterior  nuisclcs  of  the  forearm  and  of  the  inner  side  of 
the  thigh.  On  the  other  hand,  the  nuiscles  of  the  back  possess 
a  much  less  degree  of  electro-muscular  contractility  and  sensi- 
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bility,  and  the  posterior  muscles  of  the  forearm,  and  posterior 
and  other  muscles  of  the  thigh,  are  much  less  susceptible  to  the 
electric  influence  than  those  of  the  anterior  and  inner  portions 
of  these  limbs.  In  corpulent  patients  it  is  more  difficult  to  affect 
the  muscles,  because  adipose  tissue  is  comparatively  a  poor  con- 
ductor. 

Increase  of  Temperature  after  Muscular  Contraction, — It  has 
been  ascertained,  by  careful  experiments,  that  an  increase  of 
temperature  results  from  muscular  contractions  produced  by  the 
electric  current.  The  rate  and  extent  of  the  increase  will  depend 
on  the  energy  of  the  contractions,  the  length  of  the  treatment, 
and  the  pathological  condition  of  the  muscles.  Trousseau  caused 
an  elevation  of  temperature  of  4*4°  C.  from  a  treatment  of  ten 
minutes.  Increase  of  temperature  in  the  muscles  of  paralyzed 
limbs,  after  electrization,  is  frequently  perceptible  to  the  touch  of 
the  operator  and  the  sensations  of  the  patient.  The  temperature 
rises  during  electrization  only  up  to  a  certain  limit.  According 
to  Ziemssen  the  temperature  of  the  arm  during  electrization  with 
the  faradic  current  is  at  first  a  little  depressed,  but  after  the  third 
minute  rises  for  one  or  two  minutes,  when  it  reaches  its  maxi- 
mum. We  have  repeatedly  demonstrated  the  same  results  from 
faradization  of  the  arms,  the  legs,  the  face,  and  indeed  all  parts 
of  the  body.  In  very  many  cases  this  increase  of  temperature 
is  so  marked  as  to  be  powerfully  appreciated  by  the  patient, 
and  entirely  perceptible  to  the  hand  of  the  operator.  General 
electrization  causes  more  or  less  elevation  of  the  temperature  of 
the  body.    This  is  demonstrated  by  the  sensations  of  the  patient* 

The  primary  lowering  of  the  circulation  during  faradization  is 
due  to  the  contraction  of  the  blood-vessels ;  the  subsequent  ele- 
vation is  mainly  due  to  the  chemical  changes  that  attend  muscular 
contractions. 

It  has  been  shown  by  Brown-Sequard  and  Lombard  that  ex- 
citation of  the  nerves  of  the  skin  causes  an  increase  of  temi)era- 
ture  in  the  limb.f 

•  Elcctricitat  in  dcr  Medicin,  1866,  p.  29. 

f  Archives  de  Physiologic,  November  and  Deccmlxn",  1868. 
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Schiff  declares  that  the  nerve  is  raised  in  temperature  by  the 
instantaneous  passage  of  a  faradic  current.* 

The  development  of  heat  is  not  aided  by  increasing  the  strength 
of  the  current  above  the  degree  necessary  to  produce  a  full  con- 
traction. 

It  has  been  demonstrated  that,  in  patients  afflicted  with  trau- 
matic tetanus,  there  is  great  increase  of  temperature,  that  remains 
for  some  time  after  death. 

The  investigations  of  the  chemical  changes  that  take  place 
during  muscular  contraction  have  led  to  many  experiments.  It 
is  the  view  of  Hermann,  who  has  labored  patiently  in  this  de- 
partment, that  "muscular  work  is  due  to  the  decomposition  of 
a  nitrogenous  substance,  and  that  among  the  products  of  this  de- 
composition— ^viz.,  carbonic  acid,  a  fixed  acid,  and  myosine  jelly — 
the  latter,  at  least,  and  perhaps  also  the  fixed  acid,  are  used  to 
renew  the  original  body ;  whereas  the  carbonic  acid  certainly 
leaves  the  muscle  and  the  organism."  f 

XI. — The  organic  muscular  fibres  of  the  abdominal  and  thoracic 
viscera  respond  more  readily  to  the  influence  of  the  faradic  than 
the  galvanic  current^  and  when  subjected  to  electric  excitation 
they  contract  in  accordance  7inth  the  law  of  their  physiological  action. 

It  is  observed,  however,  tluit  when  the  galvanic  current  is  .applied 
to  them,  contractions  are  produced  not  only  soon  after  the  circuit 
is  closed,  but  also  during  the  whole  time  that  it  remains  so. 

Contractions  are  produced  in  a  voluntary  muscle  the  instant 
the  i)oles  of  a  galvanic  battery,  or  of  an  electro-magnetic  machine 
in  operation,  arc  applied  to  it.  As  has  been  before  stated,  the 
contraction  of  the  nuiscle  continues  during  the  passage  of  the 
faradic  current,  but  ipiickly  relaxes  after  the  first  shock  of  the 
galvanic.  When,  however,  tlie  intestines,  the  stomach,  the  oeso- 
phagus, which  are  romposed  of  organic  muscular  fibre,  are  sub- 
jected to  galvanic   excitation,  inovonients   are  not   induced   in 

•  Observiitions  oft  f/tr  f\ff\\ts\*/  /\/i',fth  Cttt'n'nts  w/S»«  thf  Living  Tissues 
antf  u/^»fi  XtitritioH^  l>y  MM.  I.O};mH  ami  (>ninius,  trauslatol  l>y  J.  Si)Us 
l*ohcii,  M.D.,  iSyci,  |».  JO. 

f  Mni'jjiin,  up.  ri!.,  p.  SS(). 
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them  until  a  certain  time  after  the  tissue  has  been  acted  upon. 
The  movements  thus  excited  continue  for  a  time  after  the  cessa- 
tion of  the  current. 

When  fibre-cells  are  subjected  to  electric  excitation,  they  con- 
tract in  accordance  with  their  physiological  action.  Thus,  elec- 
trization of  the  intestines  induces  peristaltic  movements ;  of  the 
oesophagus,  contraction  of  the  longitudinal  and  of  the  circular 
fibres  ;  of  the  stomach,  a  shortening  of  the  longitudinal  and  trans- 
verse diameters,  the  direction  of  the  movement  being  from  the 
cardiac  to  the  pyloric  extremity. 

It  has  been  shown  by  Bernard  that  electrization  of  the  spleen 
produces  sensible  contraction  of  its  organic  muscular  fibres. 

MM.  Legros  and  Onimus,*  from  recent  experiments,  arrive  at 
the  following  conclusions  : 

"  Inductive  f  currents,  applied  directly  to  the  intestines,  produce 
a  contraction  at  the  level  of  the  poles  ;  between  the  poles  there  is 
a  relaxing  of  the  walls. 

Continuous  currents  abolish  peristaltic  movements  and  produce 
a  diminution  of  tension,  if  the  current  follows  the  normal  direction 
of  the  movements,  or  an  augmentation,  if  the  current  passes  in  a 
contrary  sense. 

Electrization  of  the  spinal  cord  by  continuous  currents  increases 
notably  peristaltic  contractions  at  the  moment  of  their  appHcation. 

The  inductive  currents  upon  the  splanchnic  nerves  cause  a 
progressive  increase  of  the  tension  without  producing  peristaltic 
movements. 

Continuous  currents  upon  the  splanchnic  nerves  cause  peri- 
staltic contractions. 

Electricity  brought  to  bear  upon  the  nervous  plexuses  and  the 
mesenteric  nerves  produces  analogous  results. 

The  salivary  glands  are  not  affected  by  direct  electrization. 
Hllectrization  of  the  lingual  and  auriculo-temporal  nerves,  chorda 
tympani,  causes  very  free  flow  of  saliva,  with  enlargement  of  the 
blood-vessels  of  the  glands  ;  galvanization  of  the  sympathetic 

•  Euroi)ean  Medical  News,  January,  1820,  p.  41. 

f  Sec  explanation  of  the  terms  here  translated  as  "inductive,**  "continu- 
ous,** and  "interrupted,**  in  Glossary, 
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arrests  the  flow.  That  galvanization  through  the  neck  and  upper 
portion  of  the  spine  increases  the  flow  of  saliva,  is  a  matter  of 
daily  observation. 

Electrization  of  the  gall-bladder  causes  bile  to  be  voided 
into  the  duodenum ;  and  of  the  urethra,  contraction  in  the 
direction  from  the  kidney  to  the*  bladder.  Contractions  of  the 
uterus  may  be  produced  by  electrization,  whether  it  be  in  the 
gravid  or  non-gravid  state. 

The  bladder,  vas  deferens,  epididymis,  and  tunica  vaginalis 
may  all  be  readily  brought  into  contraction  by  the  electric  current 

The  smaller  arteries  are  influenced  very  readily  by  electriza- 
tion, while  it  is  doubtful  whether  the  aorta  can  be  made  to  con- 
tract at  all.  This  is  accounted  for  from  the  fact  that  the  smaller 
arteries  are  well  supplied  with  contractile  fibre-cells,  while  the  aorta 
is  comparatively  destitute  of  them. 

The  pupil  of  the  eye  may  be  dilated  or  constricted,  according 
as  the  current  acts  upon  the  dilator  or  constrictor  muscle  of  the 
iris.  The  iris  is  influenced  by  electrization  of  the  cervical  sym- 
pathetic. 

XII. — Galvanization  of  the  heart  produces  various phenomenay 
according  to  the  strength  and  locality  of  tJu  irritation. 

The  heart  has  four  sources  of  nerve-supply :  the  S)niipathetic 
ganglia  in  the  substance  of  the  heart,  the  cervical  sympathetic, 
the  cardiac  nervous  centre  in  the  medulla  oblongata,  and  the  de- 
pressor nerve,  from  the  superior  laryngeal. 

If  the  ventricle  and  atrium  of  the  heart  of  a  frog,  which  are 
supplied  by  filaments  from  the  vagi,  be  electrified,  it  becomes 
constricted  and  its  pulsations  cease.  When  the  bulbus  aortae 
(which  receives  its  nervous  supply  from  the  sympathetic)  is  sub- 
mitted to  electrization,  the  action  of  the  heart  is  augmented. 

By  experiments  on  animals  it  has  been  found  that  if  the  vagi  be 
divided  and  the  upper  end  electrified,  the  eyes  become  markedly 
affected.  Tney  protrude,  and  the  pupils  dilate.  As  soon  as  the 
action  of  the  current  ceases  the  pupils  are  constricted,  and  the 
eyes  resume  their  normal  position. 

If  the  current  be  of  considerable  power,  inspiration  is  impossi- 
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ble,  and  all  the  symptoms  of  asphyxia  present  themselves.  As 
soon  as  the  electric  influence  is  withdrawn  the  respiratory  move- 
ments again  succeed  each  other  as  usual,  and  with  increased 
velocity.  The  following  results  are  observed  after  this  operation, 
viz. : — the  cerebro  spinal  liquid,  the  blood,  and  the  bile  contain 
sugar ;  there  is  an  increased  flow  of  saliva,  while  the  secretion  of 
urine  may  be  arrested.  The  pulsation  of  the  heart  is  in  no  way 
affected.  Electrization  of  the  lower  ends  does  not  stop  the  re- 
spiratory movements ;  but  it  arrests  the  action  of  the  heart,  and 
may  cause  vomiting. 

Rhythmical  contraction  may  be  produced  in  the  heart  of  an 
animal  soon  after  death  by  the  action  of  the  faradic  current.  It  is 
observed  that  the  contractions  are  more  decided  in  the  right  than 
in  the  left  portion  of  the  heart. 

XIII. — The  electric  currents  have  a  marked  chemical  effect  on 
the  bloody  and  decidedly  influence  the  circulation. 

By  means  of  the  galvanic  current,  blood  circulating  in  the  liv- 
ing body,  as  well  as  that  which  has  been  taken  from  it,  may  be 
readily  coagulated.  Different  results  are  produced  by  the  action 
of  the  current  on  the  blood,  according  as  the  latter  is  arterial  or 
venous.  Clots  that  may  be  formed  by  this  method  in  the  veins  are 
darker  and  far  less  firm  than  those  that  are  formed  in  the  arteries. 

In  experimenting  on  albumen  with  the  galvanic  current  different 
results  have  been  obtained. 

According  to  Althaus,  the  effects  of  the  continuous  galvanic 
current  on  albumen  are,  at  the  negative  pole,  mechanical  disinte- 
gration of  its  substance  by  the  nascent  hydrogen,  and  chemical 
alteration  by  caustic  potash,  soda,-  and  lime ;  at  the  positive  pole, 
chemical  alteration  by  chlorine  and  acids.  The  same  changes 
take  place  in  the  blood,  but  are  somewhat  modified  by  the  ])res- 
ence  of  iron,  fibrine,  and  haimatine.  "Coagulation  takes  ])lace 
at  both  ])oles,  with  only  this  difference,  that  the  negative  clot  is 
red,  soft,  and  bulky,  while  the  positive  clot  is  black,  hard,  and 
small." 

The  primary  effect  of  electrization  with  interrupted  current  is 

4* 
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contraction  of  the  arterioles  with  diminution  of  the  circulation. 
It  may,  indeed,  entirely  arrest  it*  After  the  electrization  ceases 
the  vessels  may  be  enlarged  and  the  circulation  increased,  f  The 
action  of  the  galvanic  current  is  different  The  descending 
current,  from  the  centre  toward  the  periphery,  dilates  the  blood- 
vessels ;  the  ascending  current,  from  the  periphery  toward  the 
centre,  contracts  them.  This  was  demonstrated  on  the  brain  of 
a  dog  whose  skull  had  been  trepanned.  "  Placing  the  positive  pole 
upon  the  exposed  portion  of  the  brain,  and  the  negative  pole 
upon  a  wound  in  the  neck  (lo  Remak  elements),  a  contraction  of 
the  vessels  was  determined,  and  the  brain  faded  slightly,  but  in  a 
visible  manner.  Placing,  on  the  contrary,  the  positive  pole  uix)n 
the  wound  in  the  neck,  and  the  negative  pole  upon  the  brain,  we 
observed  an  injection  of  the  cerebral  capillaries,  and  the  brain 
formed  a  protrusion  through  the  opening  in  the  cranial  vault"  J 

Uspenski  found  that  the  ascending  continuous  current  through 
the  spinal  cord  of  a  frog  increased  its  irritability,  while  the  descend- 
ing diminished  it.  Legros  and  Onimus  also  lay  down  the  general 
law  that  the  ascending  current  increases  the  reflex  actions  of  the 
spinal  cord,  while  the  descending  prevents  them.  The  relation 
of  this  difference  in  the  effects  of  the  ascending  and  descending  cur- 
rents to  the  changes  in  the  circulation  are  not  yet  sufficiently  clear 
to  guide  our  therapeutics.     The  subject  demands  further  study. 

We  have  proved  that  galvanization  of  the  cervical  sympathetic 
produces  at  first  congestion  and  afterwards  anaemia  of  the  brain 
(see  chapter  on  Sympathetic), 


*  Dr.  Althaus,  in  his  paper  on  the  **  Electrolytic  Treatment  of  Tumors,"  etc. , 
(London,  1867),  asserts  that  the  negative  pole  produces  firmer  coagulation 
than  the  positive,  since  it  merely  diminishes  or  retards  the  circulation,  and  thus 
causes  a  slow  deposition  of  fibrin.  **  The  walls  of  the  aneurism  are  strength- 
ened, and  it  is  enabled  to  resist  the  action  of  the  heart  until  the  time  when  the 
cavity  of  the  heart  is  finally  obliterated."  It  is  proper  to  state  that  Dr. 
Althaus  has  not  had  an  opportunity  to  operate  uiwn  an  aneurism  by  this 
method.  He  drew  his  conclusions  from  experiments  on  rabbits,  in  which  he 
had  obliterated  the  femoral  artery. 

f  Legros  and  Onimus,  op.  cit.,  pp.  30-31. 

X  Legros  and  Onimus,  op.  cit.,  pp,  34-35. 
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XIV. — The  electric  currents  hare  a  fower/ul  injiuence  tK-er 
nutrition. 

It  has  been  shown  by  experiments  that  the  gal\'anic  current 
causes  a  marked  electrohtic  effect  on  the  tissues.  The  acids  go 
to  the  positive  pole,  and  the  alkalies  to  the  negative,  and  there  is 
an  increase  of  temperature.  It  has  been  sho^n,  also,  that  the 
red  corpuscles  of  the  blood  are  dissolved  by  the  alkalies  at  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  |K>sitive 
pole.  Under  the  dischaqjes  of  a  Leyden  jar  the  red  cori.>uscles 
change  their  shape  and  lose  their  color. 

The  ver)'  remarkable  tonic  effects  of  both  the  galvanic  and 
the  faradic  currents  on  the  linng  human  subject  are  to  be  ex- 
plained partly  by  the  direct  physical  and  chemical  action  of  the 
electricity^  and  partly  by  the  changes  of  tissue  that  accompany 
muscular  contractions. 

The  increase  in  heat  that  results  from  muscular  contractions, 
"with  the  corresi>onding  increased  absoq)tion  of  oxygen,  the 
modifications  of  endosmosis  and  exosmosis,  the  changes  in  the 
form  and  color  of  the  red  coq)uscles  of  the  blood,  and  the  disso- 
lution by  the  alkalies  of  the  negative  pole,  and  shrinkage  by  the 
acids  of  the  positive  pole — all  the  recogni/ed  molecular  and  chem- 
ical phenomena  that  result  from  electrization  of  the  tissues  help  to 
account  for  the  wonderful  and  sometimes  rapid  increase  of  weight, 
Dk-ith  improvement  in  all  the  vital  functions,  that  result  from  a  per- 
severing use  of  general  electrization.  Details  of  illustrative  cases 
of  improvement  in  nutrition  from  electrization  will  be  found  under 
the  various  diseases. 

Legros  and  Onimus*  electrized  \i*ith  the  galvanic  current  some 
puppies  for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the 
fore-paws  and  one  of  the  hinder-paws  in  tepid  water  connected 
with  the  electrodes.  At  the  end  of  six  weeks  those  that  had 
been  electrized  weighed  more  than  one  of  the  same  lot  that  had 
not  l)een  electrized  ;  and  this  difference  was  perceptible  to  simple 
inspection. 

The  same  observers  record  that  "  continuous  centripetal  cur- 

*  Op.  cit.,  p.  8S,  et  seq. 
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rents  exaggerated  the  production  of  urea,*  without  increasing  the 
secretion  of  urine,  which  is  even  sometimes  diminished."  The 
continuous  centrifugal  currents  had  a  reverse  effect. 

It  has  been  shown  by  the  experiments  of  Legros  and  Onimus 
that  the  laws  of  endosmose  are  reversed  by  the  galvanic  current. 
Previously  it  had  been  shown  by  Dutrochet  that  the  electric  cur- 
rents increased  endosmotic  action.  The  extra  faradic  current 
had  something  of  the  same  effect,  though  in  a  far  less  degree,  f 

It  has  also  been  shown  by  Prevost  and  Dumas,  as  well  as  by 
Legros  and  Onimus,  J  that  the  vibratile  cilia  of  the  frog  are  accel- 
erated in  their  movement  by  the  galvanic  current,  and  retarded  by 
the  faradit  current.  Substantially  the  same  results  were  derived 
from  experiments  on  spermatozoa. 

XV. — The  human  body  conducts  electricity  by  virtue  of  the  saline 
solutions  which  it  contains. 

The  chief  constituent  in  the  human  body  is  water,  which  is 
about  three-fourths  of  its  average  weight.  §  The  saline  constituents 
which  the  water  holds  in  solution  vary  in  quantity  and  quality  in 
the  different  tissues  and  the  different  parts  and  organs  of  the 
body. 

The  conductibility  of  the  body,  as  a  whole,  may  be  best  under- 
stood by  regarding  it  as  a  mass  of  water  and  saline  ingredients, 
with  solid  tissue  interspersed.  The  degree  of  resistance  to  the 
current  that  different  parts  of  the  body  offer  will  therefore  depend 
on  their  structure.  Those  parts  which,  like  the  bones  and  epi- 
dermis, contain  little  water,  will  offer  a  much  greater  resistance, 
and  be  poorer  conductors,  than  those  parts  which,  like  the  muscles, 
nerves  and  tendons,  and  cartilages,  contain  a  large  percentage 
of  water.  Soft  parts,  like  the  stomach,  intestines,  and  mucous 
membranes  in  general,  offer  comparatively  little  resistance, 
because  they  contain  so  large  a  percentage  of  saline  solutions. 
Saline  solutions  conduct  better  than  simple  water,  and  warm  saline 
solutions  conduct  better  than  those  which  arc  cold. 

*  Op.  cit.,  p.  87.         t  Op-  cit.,  pp.  S-13.        X  Op*  cit.,  pp.  90-91. 
§  Pereira,  Fo(k1  and  Diet,  Am.  ed.,  p.  39. 
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The  human  body,  as  a  whole,  conducts  electricity  fifteen  to 
twenty  times  better  than  pure  cold  water,  provided  the  skin  is 
thoroughly  moistened.  It  owes  this  superior  conductibility  to  the 
warm  saline  solutions  which  it  contains.  According  to  recent 
experiments  of  Richardson,  the  blood  is  the  best  conducting 
material  of  the  body. 

Compared  with  a  number  of  metallic  substances  the  human 
body  is  an  exceedingly  poor  conductor.  Thus  copper  is  several 
thousand  million  times  a  better  conductor  than  the  human  body. 
It  should  never  be  forgotten  that  the  epidermis,  in  a  dry  state, 
is  a  poor  conductor.  In  practice  this  resistance  of  the  epider- 
mis is  overcome  by  thoroughly  moistening  it.  The  hair  and  nails 
are  also  poor  conductors.  In  making  applications  to  the  to])  of 
the  head  it  is  necessary  to  thoroughly  moisten  the  hair. 

Judging  from  the  sensations  of  the  operator  when  applying  a 
current  to  a  patient  through  his  own  person,  the  nerves  and  the 
nerve  filaments  are  better  conductors  than  the  muscles,  although 
the  experiments  of  Professor  Eckhard  seem  to  point  to  the  reverse 
conclusion.  According  to  this  observer,  the  resistance  of  the  mus- 
cles is  I ;  of  the  cartilages  2  ;  of  the  nerves  2,  i  ;  of  the  bones 
19.  In  other  words,  the  muscles  conduct  twice  as  well  as  the 
cartilages,  and  twenty  times  better  than  the  bones., 

The  fact  that  bones  are  comparatively  poor  conductors  does 
not  make  it  impossible  or  even  difficult  to  pass  the  current 
through  the  bony  covering  of  the  brain  and  spinal  cord.  It  is 
a  mistake,  however,  to  judge  of  the  conductibility  of  the  tissues 
of  the  body  on  purely  physical  principles  ;  the  living  body  may 
conduct  much  better  than  the  dead  subject.  Thus  tJie  bones  of  the 
Iwing  body  are  supplied  with  blood-vessels  filled  with  bloody  and 
therefore  must  conduct  much  better  than  the  dead  and  dried  bones 
which  are  subjected  to  chemical  analysis. 

Soft  parts  which  are  thus  enclosed  in  a  bony  covering  are  less 
powerfully  affected  than  soft  parts  which  are  not  so  enclosed. 
The  stomach  and  intestines  are  more  readily  affected  by  press- 
ing the  electrode  firmly  over  the  abdomen,  and  bringing  the  peri- 
tonaeum and  organs  into  coaptation,  than  are  the  brain  and  spinal 
rord  by  applications  on  the  head  or  spine.     Young  persons  con- 
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duct  better  than  the  aged ;  and  the  conducting  power  varies  in 
different  individuals  and  in  the  same  individual  at  different  times. 

XVI. —  When  the  electric  current  is  applied  over  the  whole  surface 
of  the  body,  as  in  general  electrization,  it  passes  through  or  directly 
affects  all  the  superficial  and  many  of  the  deep  muscles  and  nerves, 
and  also  most  of  the  important  organs. 

The  electric  current  always  takes  the  shortest  and  most  direct 
course  from  one  pole  to  the  other,  provided  the  media  interven- 
ing between  the  electrodes  is  of  a  uniform  conductibility.  When, 
therefore,  the  positive  electrode  is  applied  to  one  part  of  the 
body,  and  the  negative  to  the  other,  the  current  would  diffuse 
itself  uniformly  between  the  poles,  provided  die  structures  of 
the  body  were  of  a  uniform  conductibility.  But,  as  has  been  seen, 
the  different  parts  of  the  body  vary  widely  in  regard  to  their  con- 
ductibility,— those  which  contain  a  large  quantity  of  saline  solu- 
tions being  good  conductors,  and  vice  versd,  those  which  contain 
a  small  quantity  being  poor  conductors, — the  difference  of  con- 
ductibility between  muscle  and  bone  being  nearly  twenty  to  one. 

The  current  does  not  affect  all  parts  alike.  The  extent  to 
which  any  part  is  directly  reached  when  the  current  is  applied 
over  the  surface  will  depend  both  on  its  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the 
brain,  spinal  cord,  and  abdominal  viscera,  are  good  conductors, 
and  unless  their  situation  is  unfavorable,  they  are  directly  and 
powerfully  affected  by  the  current,  when  applied  to  the  surface  by 
means  of  moist  conductors.  On  the  other  hand,  bone,  which  con- 
tains a  much  less  percentage  of  water  than  the  muscles  and  soft 
parts,  is  comparatively  a  poor  conductor.  Accordingly,  soft  parts 
which  are  partially  or  entirely  enclosed  by  bone  are  much  less 
readily  affected  by  external  applications  than  would  be  the  case  if 
they  were  exposed. 

The  electric  current,  when  applied  over  the  head  directly,  affects 
the  brain  and  spinal  cord.  This  is  proved  by  practical  experience 
in  pathological  cases,  and  by  experiments  on  the  dead  subject. 
In  some  cases  of  disease  of  the  brain,  the  pain  of  applications  over 
the  head  is  so  sensitively  felt  in  the  brain,  that  very  great  caution 
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must  be  exercised.  This  phenomenon  is  sometimes  observed  in 
apoplexy.  On  the  other  hand,  in  certain  morbid  conditions  of 
the  brain,  sensitiveness  becomes  so  much  diminished  that  a 
powerful  current  may  be  applied  on  the  head  without  producing 
pain.  Just  what  morbid  conditions  of  the  brain  are  most  likely 
to  make  that  organ  abnormally  sensitive  or  insensitive  to  the  cur- 
rent it  is  impossible  to  state  with  definiteness.  From  what  we 
know  of  the  effect  of  morbid  conditions  of  other  parts  and 
organs  upon  the  electrical  sensibility,  it  is  probably  fair  to  infer 
that  the  electro-sensibility  of  the  brain  is  increased  or  diminished 
by  the  same  morbid  conditions  that  modify  its  sensibility 
against  other  irritations.  In  cerebral  effusions  sometimes  very 
powerful  applications  may  be  made  over  the  head  "without 
causing  any  unpleasant  sensation. 

On  the  other  hand,  in  many  cases  of  nervous  disease,  as  dys- 
pepsia, insomnia,  and  neuralgia,  the  head,  especially  on  the  top, 
is  so  exceedingly  sensitive  to  the  electric  currents  that  even 
gentle  applications  with  the  hand  as  an  electrode  cannot  be 
borne.  That  the  pain  thus  experienced  is  not  superficial,  is 
proved  by  the  consciousness  of  the  patients.  It  is  deep-seated, 
and  when  continued  for  any  length  of  time  is  exceedingly  pros- 
trating. In  cases  of  softening  of  the  brain,  it  has  been  noticed 
that  applications  even  of  the  faradic  current  over  the  head  pro- 
duced spasms  and  tremors  of  the  upper  and  lower  limbs. 

When  the  spinal  cord  is  in  a  condition  of  health,  a  powerful 
current  may  be  applied  down  the  back  without  discomfort,  but  in 
cases  of  myelitis,  spinal  congestion,  and  other  morbid  states,  very 
marked  and  peculiar  symptoms  are  sometimes  observed.  We 
have  seen  a  case  of  myelitis  when  even  a  very  mild  faradic  cur- 
rent over  the  spine,  near  the  sup])osed  seat  of  the  disease,  caused 
severe  pain  in  the  right  leg  that  continued  for  several  hours. 
Such  a  phenomenon  is  never  observed  in  health.  The  fact  that  it 
does  occur,  especially  when  the  electrodes  are  not  placed  near 
any  prominent  nerves,  shows  very  clearly  that  the  current  affects 
the  spinal  cord  in  a  more  direct  way  than  by  mere  reflex  action. 

The  results  of  treatment  of  diseases  of  the  brain  and  spinal 
cord  by  electrization  of  the  head  and  back  show  that  the  cur- 
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rent  must  affect  these  organs.  As  will  be  described  more  fully  in 
the  sections  on  general  and  localized  electrization,  the  results  of 
applications  both  of  the  faradic  and  the  galvanic  currents  to  the 
head  and  down  the  back,  in  diseases  of  the  brain  and  spine,  are 
in  many  cases  of  disease  exceedingly  favorable,  even  when  no 
other  portion  of  the  body  is  treated. 

Direct  Experiments  on  the  Dead  Subject. — Dr.  W.  Erb,  in 
his  well-known  experiments,  sawed  off  a  piece  of  bone  from 
the  skull  of  a  human  body,  removed  the  skin  and  periosteum, 
and  after  the  bone  that  had  been  exposed  had  become  dried, 
he  took  out  a  portion  of  the  brain,  and  in  the  cavity  thus  formed 
placed  the  sciatic  nerve  of  a  preparation  of  a  frog  so  that  it 
touched  the  substance  of  the  brain.  He  then  directed  a  gal- 
vanic current  through  the  head  from  ear  to  ear,  and  also  from  the 
chin  to  the  occiput.  Contractions  were  produced  in  the  frog- 
preparation,  showing  that  the  currents  passed  to  the  portion  of 
the  nerve  in  contact  with  the  brain.  The  same  result  was  pro- 
duced by  the  faradic  current  By  substantially  the  same  process. 
Dr.  Erb  showed  that  the  currents  passed  through  the  spinal  cord 
when  applied  to  the  back. 

It  is  worthy  of  remark,  that  these  experimental  results  were 
obtained  with  comparatively  mild  currents. 

It  must  be  admitted,  however,  that  experiments  on  the  cadaver 
cannot  be  as  satisfactory  as  the  results  of  practical  experience  in 
the  treatment  of  disease.  We  do  not  now  know — perhaps  may 
never  know — ^just  wherein  consists  the  difference  between  life  and 
death.  We  know  only  in  part  the  chemical  changes  that  take 
place  during  the  process  of  dissolution,  and  cannot,  of  course, 
determine  with  exactness  the  extent  to  which  they  modify  the 
electro-conductibiHty  of  the  tissues. 

It  should  be  stated  on  the  other  hand,  that  Dr.  Bonnefin,  a 
pupil  of  Brown-Sequard,  by  experiments  on  the  dead  subject, 
arrived  at  very  different  results  from  those  of  Erb.  His  expe- 
riments were,  we  believe,  performed  with  only  the  faradic  cur- 
rent* 

*  Brown -Si^uard  informed  us  that  these  experiments  were  performed  imder 
his  own  eye. 
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But  experiments  on  the  dead  subject,  whatever  may  be  their 
results,  cannot,  for  reasons  above  presented,  be  as  thoroughly  con- 
vincing as  practical  experience  in  pathological  cases.  The  evi- 
dence of  a  large  number  of  patients  in  regard  to  the  sensations 
produced  by  applications  over  the  head  and  back,  and  the  obser- 
vations of  the  physician  in  regard  to  the  variation  of  sensibility 
with  the  conditions  and  stages  of  disease,  furnish  more  satisfac- 
tory conclusions  on  this  question  than  even  the  most  carefully 
conducted  experiments  on  the  dead  subject. 

It  is  also  clinically  demonstrated  that  the  sympathetic  system 
is  directly  affected  by  the  electric  current  when  the  applications 
are  made  all  over  the  surface  of  the  back.  Our  knowledge  of  the 
functions  of  the  sympathetic  system  is  at  present  so  incomplete, 
that  we  are,  perhaps,  hardly  justified  in  asserting  ^^^th  positiveness 
how  far  the  decided  improvement  in  nutrition  that  follows  general 
electrization  is  due  to  the  direct  influence  of  the  viurrent  on  the  sys- 
tem ;  but  assuming  that  the  opinion  commonly  held  concerning  the 
influence  of  the  sympathetic  over  nutrition  is  sound,  there  is  little 
room  for  doubt  that  this  influence  is  very  materially  aided  by 
electrization  on  the  surface  of  the  trunk.  The  sympathetic  is  di- 
rectly influenced  when  one  of  the  electrodes  is  applied  on  the 
whole  length  of  the  spine,  by  the  anterior  border  of  the  stemo- 
cleido-mastoid  muscle,  on  the  head  and  over  the  abdomen.  There 
is  little  doubt  that  nearly  all  the  ganglia  of  the  sympathetic — those 
of  the  head,  the  neck,  the  thorax,  and  the  abdomen — are  more  or 
less  directly  affected  by  the  current  when  it  is  applied  over  the 
entire  surface  of  the  body  in  general  electrization.  It  would  seem, 
indeed,  that  the  sympathetic  system  would  be  easier  influenced  than 
the  cerebro- spinal,  from  the  fact  that  it  is  not,  like  the  cerebro- 
spinal, enclosed  by  bone,  though  to  a  certain  extent  protected  by  it. 

The  very  decided,  and  sometimes  very  extraordinary  tonic  results 
that  come  from  general  electrization,  can  hardly  be  accounted  for 
on  any  other  theory  than  that  the  sympathetic  system  throughout 
is  directly  influenced. 

This  theory  finds  its  confirmation  in  experiments  that  have  been 
made  with  localized  electrization  of  the  cervical  ganglia,  as  will 
be  described  in  detail  under  Electro- therapeutics. 
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That  the  stomach,  liver,  spleen,  intestines,  kidneys,  and  the 
genital  apparatus,  in  both  sexes,  are  directly  affected  by  the  cur- 
rent in  general  electrization,  is  fully  demonstrated  by  clinical  ob- 
servation. The  sensations  of  the  patient  during  treatment,  the 
evidence  of  pathological  cases,  and  the  results  of  treatment,  both 
temporary  and  permanent,  all  unite  in  furnishing  conclusive  evi- 
dence that  these  organs  are  reached  by  the  current. 

The  walls  of  the  abdomen  are  so  yielding,  that  the  soft  parts 
beneath  can,  by  sufficient  pressure,  be  brought  nearly  or  quite 
into  coaptation,  so  as  to  make  a  good  pathway  for  the  current 
through  organs  largely  composed  of  water.  Illustrative  cases 
will  be  detailed  in  the  appropriate  sections. 

On  the  other  hand,  the  walls  of  the  thorax  being  composed 
partly  of  bone,  and  being  somewhat  firm,  do  not  furnish  as  good  a 
conducting  medium,  and  therefore  the  lungs  and  heart  are  less 
affected  in  general  electrization  than  the  organs  of  the  abdomen. 

XVII. — Electricity  and  life  are  not  identical. 

Experiments  in  electro-physiology,  interesting  and  suggestive  as 
they  are,  and  important  as  they  have  been  shown  to  be  for  thera-  • 
peutics,  have  done  but  little  toward  solving  the  mystery  of  life. 

The  extravagant  hopes  at  one  time  entertained  that  electricity 
and  life  would  be  proved  to  be  identical,  have  not  as  yet  been 
realized ;  but  recent  investigations,  so  far  as  they  go,  seem  to  prove 
that  they  are  radically  and  essentially  different.  The  facts  and 
arguments  on  which  the  theory  of  the  non-identity  of  electricity 
and  nervous  force  rests  are  mainly  these  : — 

1.  The  nerve-current  can  be  detected  in  a  nerve  after  it  has 
ceased  to  react  to  the  electrical  stimulus.  The  reverse  of  this  law, 
however,  does  not  obtain. 

2.  The  slow  rate  at  which  nervous  force  travels.  According  to 
the  experiments  of  Helmholtz  and  Schleske  with  the  chronograph, 
the  velocity  of  the  nervous  force  in  man  is  97.5  feet  a  second,  which 
is  less  than  that  of  the  greyhound  or  race-horse. 

By  means  of  the  noematochrograph  it  has  been  ascertained  that 
the  brain  is  ,V  ^^  ^  second  in  recognizing  an  impression,  and  ^ 
of  a  second  in  telegraphing  that  an  impression  has  been  received. 
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By  means  of  the  same  instrument  it  has  been  ascertained  that 
the  brain  is  -j^-  of  a  second  in  distinguishing  and  signalling  the 
difference  between  two  colors,  and  about  the  same  time  in  distin- 
guishing between  two  vowels  as  they  are  uttered. 

As  compared  with  light  and  electricity,  nervous  force  is  exceed- 
ingly slow.  The  velocity  of  light  is  over  10,000,000  times,  and  of 
electricity  over  15,000,000  times,  that  of  nervous  force. 

It  has  also  been  ascertained,  by  comparative  experiments,  that 
the  velocity  of  muscular  contraction  of  the  muscles  is  about  ^  of 
that  of  nervous  force. 

The  velocity  of  the  nervous  force  is  still  further  lessened  by  the 
action  of  the  curare  poison. 

3.  Ligature  or  division  of  a  nerve  impedes  the  transmission 
of  nervous  force ;  which  would  not  be  the  case  if  the  nerves  were 
simply  telegraph  wires.  Even  if  the  stumps  of  a  divided  nerve  arc 
made  to  touch  each  other,  the  nervous  force  will  not  pass. 

The  relation  of  electricity  and  magnetism  to  life  may  perhaps 
be  explained  by  the  theory  of  the  Correlation  and  Conservation  of 
Forces.  May  not  the  body  contain  a  number  of  distinct  forces — 
electricity,  magnetism,  and  vital  or  nervous  force,  or  life?  If 
light,  and  heat,  and  motion,  and  electricity  are  mutually  con- 
vertible, may  not  the  nervous  force  also  be  convertible  with  elec- 
tricity and  magnetism  ?  It  is  certainly  ])robable  that  the  thera- 
peutic results  of  electrization  are  partly  due  to  the  increase  of  the 
nervous  force  by  the  molecular  changes  produced  by  the  action 
of  the  current  on  the  tissues. 

The  subject  of  free  electricity  in  the  body  has  at  various  times 
attracted  the  attention  of  observers.  Hemmer,  in  1 790,  Gardini, 
in  1 793,  made  a  large  number  of  experiments  with  a  view  to  ascer- 
tain the  general  electrical  condition  of  the  human  body.  Their 
conclusions  were  that  there  is  electricity  in  the  body,  sometimes 
Ijositive,  sometimes  negative — that  it  was  variously  modified  by 
conditions  of  health  and  disease.  In  2,422  trials  on  himself, 
Hemmer  found  a  positive  charge  1,252  times,  a  negative  771  times, 
and  none  at  all  399  times.  He  concluded  that  the  natural  elec- 
tricity of  the  body  was  positive  ;  that  this  was  modified  by  physical 
or  mental  exertion.     Sfosten,  in  1800,  Ahrens  and  Pfaff,  in  181 2, 
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and  Nasse,  in  1834,  investigated  the  same  subject,  and  concluded 
that  free  electricity  was  more  manifest  in  the  enthusiastic  and 
excitable  than  the  cold  and  ])hlegmatic,  that  it  was  greatest  in  the 
evening,  that  it  was  increased  by  stimulants,  and  diminished  by 
cold.  Ahrens  and  Pfaff  stated  that  the  electricity  of  the  body 
disappeared  during  attacks  of  rheumatism,  and  reappeared  on 
recovery.  Nasse  found  positive  electricity  in  every  one,  under  all 
circumstances.  Although  some  of  these  experiments  were  per- 
formed on  naked  patients,  seated  on  an  insulated  stool,  yet  Sterne- 
berg  decided  that  these  manifestations  of  electricity  which  they 
obtained  were  the  result  of  the  friction  of  the  clothes  on  the  skin. 

Animal  Magnetism, — Of  the  familiar  and  mysterious  phenomena 
of  animal  magnetism,  so  called,  our  knowledge  is  at  present  so 
unsatisfactory  that  an  attempt  to  explain  them  must  be  futile. 
The  connection  that  is  supposed  to  exist  between  animal  electri- 
city and  animal  magnetism  is  not  demonstrated  by  any  known 
facts.  The  exceedingly  mysterious  and  suggestive  character  of 
the  phenomena  which  appear  to  be  connected  with  some  un- 
known force  in  the  body  has  induced  a  spirit  of  inquiry,  which, 
in  lieu  of  positive  knowledge,  has  been  obliged  to  content  itself 
with  speculations.  The  most  noteworthy  treatise  on  this  subject 
is  that  of  Reichenbach,*  in  which  the  author  accounts  for  the 
strange  phenomena  attributed  to  animal  magnetism  by  the  exis- 
tence of  odyllic  (all-penetrating) /(7rr<f,  which  he  claims  to  have 
first  discovered. 

The  excitement  produced  on  the  first  publication  of  the  work 
has  now  died  away,  and  the  science  is  now  waiting  for  more  accu- 
rate investigations  to  provide  suitable  data  before  attempting  any 
further  speculations  on  this  dark  and  difficult  question. 

Electricity  in  Plants  and  Fruits. — Electrical  currents  have  been 
found  in  pears,  apples,  peaches,  and  plums.  It  has  been  ascer- 
tained by  Donn^  and  Du  Bois-Reymond  that  in  apples  and  pears 
the  currents  flow  from  the  peduncle  to  the  bud,  but  in  fruits  with 
stones,  as  peaches,  apricots,  and  plums,  from  the  bud  to  the  pedun- 

*  Physico- Physiological  Researches  on  the  Dynamics  of  Magnetism,  Electri- 
city, Light,  &c. 


Effects  of  Atmospheric  Electricity  on  the  Health,         93 

cle.  When  the  fruit  is  divided  in  a  line  at  right  angles  with  the 
long  axis,  and  the  juice  is  squeezed  out  of  the  two  halves  in  vessels 
connected  with  a  galvanometer,  then  on  completing  the  circuit 
the  current  is  observed. 

According  to  Buff,  "  the  roots  and  all  parts  of  the  interior  of 
plants  filled  with  sap  are  constantly  negative,  whereas,  on  the  con- 
trary, the  humid  or  moistened  interior  of  the  green  twigs,  leaves, 
flowers,  and  fniit  are  in  a  state  of  permanent  positive  electri- 
fication." Experiments  recently  made  show  that  in  lemons, 
turnips,  gooseberries,  and  pears,  and  in  cold  boiled  potatoes,  the 
current  is  from  the  skin  to  the  centre  ;  in  raw  potatoes,  the  cur- 
rent is  from  the  centre  to  the  skin. 

The  result  of  experiments  to  stimulate  the  growth  of  plants  by 
electricity  has  not  thus  far  been  successful. 

The  animal  system^  in  health  as  well  as  in  disease,  would  seem 
to  be  variously  influenced  by  the  condition  and  variations  of  At- 
fnospheric  Electricity, 

The  facts  and  experiments  on  this  subject  have  been  so  meagre 
and  unsatisfactory  that  scientific  men  have  very  naturally  held 
their  oi)inion  in  suspense  concerning  it ;  but  sufficient  evidence 
is  now  collected  to  make  it  at  least  probable  that  the  constitution, 
especially  of  the  nervous  and  sensitive,  is  very  appreciably  and 
traceably  influenced  by  the  variations  in  the  quantity  and  quality 
of  the  free  electricity  in  the  surrounding  air. 

In  the  first  place,  there  would  appear  to  be  a  kind  of  corre- 
spondence between  the  sensation  and  health  of  nervous  and  sensi- 
tive constitutions,  and  the  established  regular  and  irregular  va- 
riations in  the  quantity  and  quality  of  atmospheric  electricity. 
It  has  been  sho^n  that  there  are  two  daily  tides  of  positive 
atmospheric  electricity — the  high  tides  between  9  and  12  a.m., 
and  between  6  and  9  p.m.  ;  the  low  tides  between  2  and  5 
P.M.,  and  I  and  5  a.m.*  The  annual  variations  are  fully  as 
marked  as  the  diurnal  ;  the  quantity  of  i)ositive  atmospheric  elec- 
tricity being  greatest  in  the  winter,  least  in  the  summer,  gradually 

•  Dr.  A.  Wislizenus,  in  Transactions  of  St.  LouLs  Academy  of  Medicine. 
Also,  Ferguson's  Klcctricity,  p.  100. 
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increasing  in  the  fall,  and  as  gradually  decreasing  in  the  spring, 
bearing  a  pretty  constant  relation  to  the  temperature.  Now  it  is 
a  matter  of  common  observation  that  impressible  nervous  organ- 
izations— except  the  tuberculous — are  usually  stronger  and  heal- 
thier in  the  i^inter  than  in  the  summer — are  invigorated  by  the 
advancing  coolness  of  autumn,  and  ener\*ated  by  the  increasing 
mildness  of  spring.  Impressible  organizations  also  observe  that 
they  can  work  better  with  the  brain  in  the  morning  than  in  the 
afternoon,  and  that  next  to  the  morning  the  early  evening  b  most 
congenial  to  study.  These  variations  in  feeling  are  of  course 
largely  dependent  on  \'ariations  in  temperature,  and  it  is  impossible 
to  distinguish  just  how  much  they  are  -related  to  conditions  of 
atmospheric  electricity.  Between  i  and  4,  the  season  of  the  low 
tide  of  |x>sitive  atmospheric  electricity,  is  the  hour  when  many, 
even  those  who  dine  late  in  the  day,  are  disposed  to  slumber. 
These  correspondences  would  seem  not  to  be  wholly  fanciftil, 
nor  fully  evi)licable  on  other  grounds,  though  their  exact  relation 
to  conditions  of  atmospheric  electricity  may  never  be  precisely 
demonstrated. 

The  correspondence  between  the  irregular  variations  in  atmos- 
pheric electricity'  and  the  sensations  involved  in  nervous  organiza- 
tions seems  to  rest  on  more  definite  e\*idence.  Thus  Dr.  Wislizenus 
found  that  ''in  2,124  obser\*ations,  made  at  the  n^gular  hours,  the 
atmospheric  electricit>-  was  2,046  times  ix)sitive,  and  only  78 
times  negative.'*  Of  the  78  times,  30  were  connected  with  thun- 
der or  hail  storms,  or  by  thunder  and  lightning ;  23  by  common 
rains,  and  20  by  high  winds  and  gales,  without  rain,  thunder,  or 
lightning :  4  by  snow,  and  i  by  fog.*  It  seems,  therefore,  that  the 
chief  cause  of  a  condition  of  negative  atmospheric  electricity  is 
stonn,  and  osiH*ci,illy  thundcr-slonns,  and  that  at  all  other  times 
ix>silive  aimosphoric  electricity  i>rovails.  In  ver>'  many  cases 
this  change  to  negative  electricity  takes  \>lace  shortly  before  the 
stonn  approaclios  ;  during  its  prx^gn^ss  tliore  may  U^^ — esi^ecially 
in  thundorstonns  -rapuUy  repoatiHl  a!lom;uiv>ns  of  \K>siiive  and 
negative  condition^  folUnvod  U\  an  otj\uli!munK  v^r  by  |H>sitive 

*  Op.  cU,,  pp.  »K  l«K 
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electricity.  Now  it  is  a  well-recognized  fact  that  many  individu- 
als, just  before  stoniis,  suffer  exacerbations  of  rheumatic  or  neural- 
gic pains.  Just  before  and  during  storms,  corns  and  bunions,  and  old 
ulcers,  often  become  painful.  Nervous  patients  not  unfrequently 
are  so  unpleasantly  affected  in  their  general  sensations  by  the  ap- 
proach of  a  storm  that  they  can  be  depended  on  with  considerable 
certainty  as  prophets  of  the  weather.  The  extreme  fear  of  lightning 
— amounting  almost  to  a  monomania — that  some  experience  to  a 
most  distressing  extent,  may  possibly  be  accounted  for  by  the 
depression  resulting  from  the  negative  atmospheric  electricity. 

Dr.  Wislizenus  also  found  that  snowing  and  fog  were  usually 
accompanied  by  an  increase  of  positive  electricity  ;  this  observa- 
tion is  of  interest,  because  it  accords  with  the  fact  that  the  ap- 
proach of  snow-storms  and  the  presence  of  simple  fog  do  not 
cause  the  exacerbations  of  rheumatic  and  neuralgic  pains  that  are 
experienced  on  the  approach  of  storms  of  rain  or  thunder  and 
lightning. 

In  connection  with  this  subject  the  effects  of  strokes  of  lightning 
are  of  interest.  It  is  believed  that  lightning  kills  either  by  a 
shock  to  the  nervous  system,  or  by  asphyxia,  through  violent  con- 
traction of  the  muscles  of  respiration.  Richardson  supposes 
that  **  sudden  expansion  of  the  gaseous  part,  or  atmosphere  of  the 
blood,  combined  in  extreme  degrees  of  shock  with  a  sudden  con- 
version of  animal  fluid  from  the  fluid  into  the  gaseous  condition," 
is  the  cause  of  death  in  such  cases.  The  appearances,  on  post- 
mortem examination,  are  congestion  of  the  membranes  of  the 
brain,  of  the  viscera,  and  muscles  of  the  abdomen.  Extreme 
rigidity  of  the  muscles  is  often  observed  after  death  by  lightning. 
Strange  chemical  effects  may  be  produced  by  lightning,  even 
where  it  does  not  destroy  life.  It  has  been  known  to  cover  the 
teeth  and  gums  with  a  bitter  deposit,  and  bring  out  blisters  on 
the  body,  with  an  offensive  odor,  and  actual  incineration  or  con- 
gelation. It  may  also  cause  blindness,  paralysis  and  deafness, 
and  other  nervous  affections.  After  death  ])utrefaction  takes 
place  early,  and  cases  have  been  recorded  where  the  bodies 
became  almost  licjuid  before  they  could  be  buried.  Bodies  struck 
dead  by  lightning  may  retain  electricity  for  some  time  ;  instances 
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are  recorded  where  violent  shocks  have  been  given  from  such 
bodies  to  those  who  attempted  to  handle  them.*  Authentic 
cases  are  recorded  where  the  living  human  body  has  given  sparks 
and  shocks,  like  a  Leyden  jar.  Dr.  Horsford,  of  New  Hamp- 
shire, reported  in  Silliman's  Journal,  1838,  p.  394,  a  case  of  a 
lady  who,  during  the  prevalence  of  a  very  remarkable  aurora, 
became  suddenly  charged  with  electricity.  She  gave  sparks  to 
every  conductor  that  she  touched,  and  could  charge  four  persons 
at  once,  so  that  the  last  could  give  a  spark  to  a  metallic  con- 
ductor. She  continued  in  this  condition  for  several  months, 
until,  under  hygienic  and  medical  treatment,  the  strange  phe- 
nomena disappeared,  t  The  attention  of  the  medical  world  has 
been  recently  called  to  the  case  of  a  wonderful  electrical  child  in 
France,  that  gave  shocks  to  those  who  entered  the  room,  and 
from  the  head  of  which  remarkable  luminous  appearances  were 
observed. 

I  lightning  may  very  rarely  cure  as  well  as  kill.  A  very  few 
authentic  cases  are  reported  of  immediate  cure  of  paralysis,  and 
one  of  tlcafncss,  by  this  heroic  remedy.  J 

♦Tlunuler  and  LiglUninj;,  W.  Dc  Fonvielle,  edited  by  Phipson,  p.  n8. 

f  Murjjun,  op.  cil.,  p.  196. 

\  Vide  AlihauH,  op.  tit.,  p.  350  ;  also  l)e  Fonvielle,  op.  cit.,  p.  259,  et.  seq. 
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CHAPTER  I. 
HISTORY  OF  ELECTRO-THERAPEUTICS, 

The  earliest  history  of  electro-therapeutics,  as  of  many  other 
departments  of  medicine,  is  shrouded  in  obscurity.  It  dates  back 
to  a  mythical  and  legendary  age,  before  mankind  had  been 
trained  to  habits  of  scientific  criticism,  while  yet  history  was  a 
mass  of  traditions,  and  rumor  was  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  negresses  of  West  Africa  were 
accustomed  to  dip  their  sick  children  in  water  where  lay  the  elec- 
tric fish  called  the  torpedo.  Scribonius  Largus,  a  physician  of 
the  time  of  Tiberius,  was  accustomed  to  prescribe  the  same  rem- 
edy in  the  treatment  of  gout.  The  remedial  powers  of  elec- 
tricity were  also  referred  to  by  Pliny  and  Dioscorides. 

The  mysterious  power  of  the  magnet  was  known  to  the  an- 
cient world,  but  we  have  no  reason  to  believe  that  it  was  ever 
extensively  resorted  to  by  them  for  the  cure  of  disease.  In 
Europe,  during  the  middle  ages,  the  loadstone  was  used  in  the 
treatment  of  disease,  and  although  its  successes  were  trifling  it 
aroused  the  professional  attention  and  received  extravagant  praise 
from  the  distinguished  Paracelsus.  About  the  middle  of  the 
eighteenth  century,  Maximilian  Hehl,  of  Vienna,  and  others,  ex- 
cited a  new  and  more  successful  interest  in  the  use  of  magnetism 
in  disease  by  the  manufacture  and  employment  of  artificial  mag- 
nets. 

The  real  history  of  electro-therapeutics  may  be  divided  into 
three  eras :  the  Era  of  Statical  Electricity^  including  the  early 
and  crude  experiments  with  the  frictional  machines  and  the  Ley- 
den  jar ;  the  Era  of  Galvanization,  beginning  with  the  i)ublica- 
tion  of   the  discovery  of  Galvani,   in   1791,  and  including  the 
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invention  and  medical  employment  of  the  voltaic  pile  ;  the  Era  of 
Faradization^  beginning  with  the  discovery  of  induction,  in  1831- 
32,  and  including  all  that  has  since  been  accomplished  in  the 
department  of  localized  and  general  electrization. 

In  the  first  era  only  statical  electricity  was  used,  because  it  was 
the  only  form  that  was  known ;  in  the  second  era,  both  statical 
electricity  and  galvanism  were  used,  since  the  latter  supplemented 
but  not  entirely  supplanted  the  former ;  in  the  third  era,  all  three 
forms  of  electricity,  statical,  galvanic,  and  faradic,  were  brought 
into  requisition,  though  the  use  of  statical  is  confined  to  a  few,  and 
will  probably  soon  become  historic. 

The  Era  of  Statical  Electricity. — The  records  of  this  era, 
though  not  extensive,  are  yet  both  interesting  and  suggestive.  It 
is  probable  that  in  this  and  in  the  second  era  very  much  was 
attempted  and  even  accomplished  in  this  department  that  has 
never  been  recorded  in  permanent  medical  literatiwe,  and  therefore 
could  never  become  of  value  to  science. 

In  1 730,  Etienne  Grey  observed  divergence  of  the  hairs  in  an 
isolated  subject  put  in  communication  w  ith  static  electricity. 

The  same  experiment  was  repeated  by  Abb6  Nollet  and  Du 
Fay.  Du  Fay  observed  the  electric  sparks  from  the  isolated 
subject. 

In  1743,  Kruger  d'Helmstadt  suggested  that  these  electric 
sparks  might  be  made  of  service  in  therapeutics. 

In  1 744,  Kratzenstein,  a  German  physician,  recorded  a  case  of 
cure  of  paralysis  of  the  fingers  by  sparks  drawn  from  a  frictional 
apparatus. 

In  1 746,  the  discovery  of  the  properties  of  the  Leyden  jar  by 
Muschenbroek  gave  physicians  a  new  means  of  using  electricity 
in  the  treatment  of  disease. 

In    i749»  Jallabert,*  of  Geneva,  published  a  treatise   on  the 
medical  use  of  electricity,  in  which  he  reported  a  cure  of  long- 
standing  paralysis  of  the  right  arm,  resulting  from  injury  by  elec- 
trie  sparks.     The  cure  was  brought  about  in  two  or  three  months 
an  d  may  perhaps  be  regarded  as  the  first  decided  and  unques- 

*  Experiences  sur  Electricity.     Paris.     1747 
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tioned  result  of  the  kind  that  was  obtained  in  the  early  days  of 
electro-therapeutics. 

In  1750,  Nebel  showed  that  contraction  of  the  muscular  tissue 
was  produced  by  electrization  of  the  tissue. 

Bohadtch  of  Bohemia  also  recommended  electricity,  especially 
for  the  treatment  of  hemiplegia. 

^^  i753>  Lindhult,  a  Swedish  physician,  reported  a  cure  of 
epilepsy  by  electricity.    (M6m.  de  TAcad.  de  Sudde,  vol.  XI.) 

In  1755,  De  Haen  reported  a  large  number  of  electrical  cures 
of  paralysis,  spasmodic  and  other  nervous  affections,  and  also  of 
suppression  of  the  menses,'  and  St.  Guy's  dance.  About  this 
time,  also,  Schaeffer  and  Nebel  published  cures  of  rheumatism, 
toothache,  hypochondria,  paralysis  of  the  optic  nerve,  and  of  inter- 
mittent fever  and  neuralgic  pains.  Between  1750  and  1757  cures 
of  paralysis  were  reported  by  Brydone,  Bertholon,  Sauvages  of 
Montpelier,  and  Spry,  the  latter  of  whom  cured  a  case  of  lock- 
jaw and  paralysis. 

In  1763,  Watson  cured  a  case  of  general  tetanus  in  a  young 
girl  of  seven  years.  Although  the  fame  of  the  cures  wrought  by 
electricity  attracted  crowds  of  invalids,  yet  by  the  ignorant  and 
superstitious  it  was  confounded  with  witchcraft,  and  the  aid 
of  the  priest  was  invoked  to  save  them  from  its  baneful  in- 
fluence.* 

Abb6  Sans  published  a  work  on  the  medical  use  of  electricity, 
and  recorded  important  cures.  According  to  this  authority,  there 
were  seven  different  methods  ot  employing  static  electricity — "  an 
electric  bath,  drawing  sparks,  by  irroration,  friction,  insufflation, 
exhaustion,  and  commotion."  Injurious  and  negative  as  well  as 
favorable  results  were  sometimes  reported.  Thus,  Dr.  Hart 
brought  on  paralysis  in  a  girl,  and  Abb4  Mazras  excited  epilepsy 
in  one  of  his  patients.  Benjamin  Franklin  failed  to  cure  the  in- 
valids that  flocked  to  him  after  his  great  discovery,  and  Abb6 
Nollet,  after  many  years'  experience,  was  compelled  to  admit  that 
he  had  seen  but  little  permanent  benefit  from  electricity. 

•  A  Treatise  on  Medical  Electricity,  theoretical  aiid  practical,  by  J.  Althaus, 
M.D.     1870,  p.  284. 
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In  1 773  and  1 778,  Maduyt  presented  memoirs  ( ♦  f )  on  the  sub- 
ject, in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy 
of  vast  and  varied  powers ;  that  it  had  a  positive  and  very  beneficial 
influence  over  nutrition;  and  that  it  equalized  the  circulation, 
materially  affected  the  pulse,  the  perspiration,  and  the  secretions ; 
and  was  surprisingly  efficacious  in  the  treatment  not  only  of 
paralysis,  but  also  of  other  conditions,  such  as  constipation  and 
oedema.  This  report  aroused  considerable  interest  in  electro- 
therapeutics on  the  part  of  the  profession,  and  for  a  season  the 
application  of  statical  electricity  became  extensively  popular.  In 
1777,  Cavallo  published  a  work|  which  excited  considerable  at- 
tention. He  reported  cures  of  epilepsy,  paralysis,  chorea,  deaf- 
ness, blindness,  rheumatism,  glandular  enlargements,  and  recom- 
mended electricity  as  a  means  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined 
with  electricity,  Pivati,  of  Venice,  placed  in  his  electric  machine 
a  glass  cylinder,  fitted  with  Peruvian  balsam,  and  Giuseppe  Bruni 
affirmed  that,  by  the  same  arrangement,  filled  with  purgatives, 
he  had  produced  the  same  effect  on  an  electrified  patient  as 
though  the  remedy  had  been  administered  internally.  § 

In  1 783,  Wilkinson  presented  the  results  of  some  experiments 
with  electricity  in  England.  Although  the  fame  of  the  cures 
wrought  by  the  new  remedy  attracted  thousands  of  the  people, 
yet  by  the  ignorant  and  superstitious  electricity  was  confounded 
with  evil.) 

Of  the  seven  methods  of  employing  statical  electricity  recom- 
mended by  these  early  experimenters,  but  three  were  in  common 

•  Mem.  sur  les  effets  generaux,  la  nature  et  1' usage  du  fluide  clcctrique 
consid^re  comme  m^icament.  Lu  en  decembre,  1778,  4  la  Soci^tc?  royale  dc 
medecine. 

t  Mem.  sur  les  differentes  mani^res  d'administrer  1' Electricity,  et  observa- 
tions  sur  les  effets  que  ces  divers  moyens  ont  produits.     Lu  en  decembre    178^ 
^  la  Soci^tE  royale  de  mWecine.  *        ^^ 

X  A  Complete  Treatise  on  Electricity,  in  theory  and  practice,  with  original 
experiments.     Londres,  1777.    Id.,  Medical  Electricity.     Londres,  1780. 

g  Althaus,  op.  cit.,  p.  287. 

I  A  Tripier,  Manuel  d'<^lectro-therapie,  expose  pratique  et  critique  des  apnli. 
cations  m^calcs  et  chinirgicalcs  de  PaeclricitE.     Paris,  186a 
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use.  These  were,  the  electric  bath,  electrization  by  sparks,  and 
shocks  from  the  Ley  den  jar. 

The  Era  of  Galvanization, — Animal  electricity  was  discovered 
by  Galvani  in  1786  and  made  public  in  179 1.  It  was  by  the  ex- 
periments of  Galvani  that  Volta  was  stimulated  to  investigate  the 
subject  of  electricity.  He  denied  the  existence  of  animal  elec- 
tricity which  Galvani  had  discovered.  One  of  the  most  impor- 
tant fruits  of  the  discussion  that  arose  between  them  and  their 
respective  followers  was  the  construction  of  the  voltaic  pile,  which 
for  many  years  physicians  employed,  with  various  alternations  of 
failure  and  success,  in  the  treatment  of  disease. 

In  the  period  intervening  between  the  discovery  of  animal 
electricity  by  Galvani,  and  the  construction  of  the  pile  of  Volta, 
electricity  was  applied  to  the  body  by  means  of  metallic  plates, 
joined  together  by  a  metallic  arc.  Sometimes  these  were  simply 
placed  against  the  skin,  and  sometimes  over  spots  denuded  by 
a  blister.* 

In  1792,  Behrend,  Creve,  and  Klein  suggested  the  use  of  galvan- 
ism as  a  means  of  distinguishing  real  from  apparent  death.  The 
first  attempts  to  make  galvanism  of  practical  service  in  the  treat- 
ment of  disease  were  made  by  Professor  Loder  of  Jena.  The 
results  of  his  experiments  were  unsatisfactory. 

In  1793,  Hufeland  and  Reil  advised  the  use  of  galvanism  in 
paralysis. 

In  1796,  Pfaff  advised  the  same  remedy  for  amaurosis.  None 
of  these  authorities  spoke  from  much  personal  experience.! 

In  1797,  Alexander  Von  Humboldt  J  suggested,  on  theoretical 
grounds,  the  use  of  galvanism  in  paralysis,  rheumatic  pains,  and 
diseases  of  the  eyes. 

Valli  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that 
had  been  nearly  suffocated. § 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  the  med- 
ical use  of  the  galvanic  current,  because,  with  all  its  imperfections, 

♦  Tripicr,  op.  cit.,  p.  262. 

f  Tiipier,  op.  cit.,  p.  263. 

X  Versuch  iiber  die  gereizte  Muskel  und  Nervenfaser.     Berlin,  1797. 

g  Experience  sur  le  galvanisme,  traduit  par  Jadelot.    Paris,  1799. 
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it;  wan  vastly  superior,  for  therapeutic  purposes,  to  the  metallic 
plates  that  had  previously  been  employed  during  the  period 
which  had  elapsed  since  the  discovery  of  Galvani.  It  was  at  once 
employed  by  Loder  in  Jena,  by  Grapengiesser,*  Bischoff,  and 
Lichtenstein,  in  BerUn,  and  by  Haller  in  Paris,  chiefly  in  cases 
of  paralysis. 

In  c8oi,  Augustin,  of  Berlin,  published  a  treatise  on  galvanism,  in 
which  he  reported  results  of  treatment  of  paralysis  by  applying  the 
negative  pole  to  the  central  end  of  the  nerve,  and  the  positive  to  the 
peripheral  Prof.  Schwab  experimented  with  the  voltaic  pile  in 
cases  of  deaf-muteism.  In  1802  Sigaud  de  la  Fond  published  a 
work  in  which  he  recommended  static  electricity  for  nearly  every 
form  of  disease.  In  1804  Aldini,  a  pupil  of  Galvani,  published  a 
treatise  on  galvanism,  in  which  he  theoretically  recommended  it 
for  deafness,  insanity,  and  amaurosis,  and  also  to  produce  artifi- 
cial respiration,  f 

Even  during  this  era,  and  for  many  years  after  the  invention  of 
the  voltaic  pile,  frictional  electricity  was  still  employed. 

In  181 7,  Dr.  Thomas  Brown,  of  Albany,  pubHshed  a  work  en- 
titled "  The  Ethereal  Physician^'  in  which  he  recommended  fric- 
tional electricity  for  paralysis,  tic-douloureux,  epilepsy,  chorea,  and 
in  a  large  variety  of  disorders. 

In  1 81 8,  Dr.  Everett,  of  New  York,  published  something  on 
the  use  of  electricity  in  medicine  that  was  based  on  experience 
that  he  had  derived  with  the  apparatus  of  Dr.  Broi^Ti. 

In  spite  of  all  these  endeavors  on  the  part  of  scientific  men  to 
give  importance  and  dignity  to  the  cause  of  electro-therapeutics, 
it  failed  to  fulfil  the  extravagant  expectations  that  had  been 
formed  of  it ;  a  reaction  followed,  and  it  fell  into  disrepute. 
Electricity  had  been  tried  for  a  wide  range  of  diseases,  but  partly 
on  account  of  the  inconstancy  of  the  voltaic  pile  and  partly  through 
the  ignorance  of  the  operators,  it  was  found  to  be  a  most  uncer- 
tain remedy.  It  was  confounded  with  mesmerism,  which  at  this 
l>eriod  came  into  notoriety,  and  for  a  time  it  shared  its  fate. 

•  Versuchc  den  Galvanisrous  lur  Hcilung  einiger  Krankhdtcn  anzuwenden. 
Berlin,  1801. 

f  Esfiai  th^rique  et  experimental  siur  le  galxmnisme.     1S04. 
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In  1825,  Saxlandi^re  proposed  the  employment  of  acupuncture 
needles  in  galvanization,  so  that  the  current  could  be  more  exclu- 
sively and  definitely  localized  on  the  desired  nerve  or  organ. 
This  method  of  treatment  was  called  electro-puncture.*  He  used 
for  this  purpose  frictional  electricity.  Subsequently  Magendie 
successfully  experimented  with  galvano-puncture  in  neuralgia, 
paralysis,  and  other  nervous  diseases. 

The  discovery  of  electro-puncture  was  the  beginning  of  the 
science  of  electro-surgery,  a  department  which  at  that  time  com- 
manded a  wider  interest  than  the  medical  use  of  electricity,  and 
which  is  now  again  assuming  a  most  important  position  in 
science. 

Gerard  and  Pravaz  suggested,  and  P6trequin  and  Ciniselli  suc- 
ceeded in  curing  aneurism  by  galvano-puncture.  Subsequently 
galvano-cauterization  has  been  investigated  by  Steinheil,  Mid- 
deldorpff  (1859),  and  Amussat  and  many  others.  (For  detailed 
history  of  the  surgical  uses  of  electricity,  see  Electro-Surgery.) 

In  1826,  Baum6  published  in  London  a  work  on  galvanism, 
which  two  years  later  reappeared  in  a  different  form,  and  was  trans- 
lated into  French  by  Fabre  Palaprat,  who  was  the  first  to  use  the 
galvanic  current  in  electro-puncture. 

The  Era  of  Faradization, — The  publication  of  the  discovery 
of  inductive  electricit}'  by  Faraday,  in  183 1-2,  changed  the  whole 
course  of  electro-therapeutics.  On  the  basis  of  this  discovery 
electric  machines  were  constructed  that  were  both  more  reliable 
and  more  convenient  than  the  ordinary  voltaic  pile.  The  first 
magneto-electric  machine  was  constructed  by  Pixii  in  1832,  and 
was  first  employed  in  the  treatment  of  diseases  by  Neef  of  Frank- 
fort. Afterwards  electro-magnetic  (volta-electric)  machines  were 
constructed  by  Neef,  Clarke,  Stohrer,Du  Bois-Reymond,  Duchenne, 
and  others,  which  from  time  to  time  have  been  variously  modified 
by  a  large  number  of  experimenters  in  different  countries. 

From  this  time  electricity  in  the  form  of  faradization  began  to 
be  extensively  and  indiscriminately  employed,  both  in  this  coun- 
try and  in  Euroi)e.      It  was  used  by  the  laity  as  well  as  by  the 

*  M^m.  sur  r^lectro-puncture.    Paris,  1825. 

5* 
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profession,  though  at  first  without  any  recognized  method,  and 
without  any  very  clear  ideas  of  the  indications  for  which  electri- 
zation was  adapted.  Soon,  however,  two  distinct  methods  of 
electrization  began  to  be  adopted,  in  which  the  galvanic  as  well  as 
the  faradic  current  have  been  appropriated,  and  with  one  or  the 
other  of  which  may  be  classed  all  the  applications  of  faradic  or 
galvanic  electricity  that  have  since  been  employed.  These  me- 
thods are  localized  and  general  electrization. 

History  of  Localized  Electrization, — The  history  of  localized 
electrization  is  identified  with  the  name  of  Duchenne,  whose 
experiments  and  discoveries  have  given  such  an  impetus  to 
this  important  and  growing  department.  Prior  to  the  time  of 
Duchenne,  faradization  had  been  used  by  Masson  in  France,  and 
Neef  of  Frankfort,  and  in  this  country  it  has  been  employed  by 
the  profession  and  by  the  laity  from  the  period  of  the  first  popu- 
larization of  machines  of  induction. 

Even  as  early  as  1843  localized  electrization  was  used  in  this 
country  side  by  side  with  general  electrization,  though,  like  the  lat- 
ter, it  had  received  no  distinct  nomenclature,  and  was  indiscrimi- 
nately recommended  and  unscientifically  applied.*  The  two  me- 
thods, localized  and  general,  were  frequently  confounded,  and  both 
were  known  under  the  vague  term,  "  electrifying."  Duchenne*s 
earliest  attempt  to  call  the  attention  of  the  profession  to  this  sub- 
ject is  thus  recorded  in  his  own  words  : — 

"  De  Tart  de  limiter  Texcitation  felectrique  dans  les  organes  sans 
piquer  ni  inciser  la  peau,  nouvelle  methode  d' Electrisation  appel^e 
electrisation  localisee,  et  dont  les  principes,  r6sumEs  dans  une  note 
adress6e  en  1847  k  T Academic  des  Sciences,  ont^tE  d6velopp6s  et 
publics  dans  les  archives  generates  de  M6decine  en  juillet  etaout 
1850,  et  fevrier  et  mars  185 1."  In  1855  he  published  his  chief 
work,  "  De  1' Electrisation  Localis^e,  et  de  son  Application  h  la 
Physiologic,  h  la  Pathologic,  et  k  la  Th^rapeutique." 


*  In  Pike's  Catalogue  of  Mathematical,  Optical,  and  Philosophical  Instru- 
ments, 1848,  there  is  a  cut  of  the  faradic  apparatus  that  had  been  in  use  for 
five  years  by  these  early  experimenters.  The  same  work  also  contains  a  cut 
illustrating  their  method  of  localized  faradization  of  the  leg. 
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This  work  became  known  to  the  profession  in  Germany  through 
the  abridged  translation  of  Dr.  Erdmann. 

The  leading  idea  of  the  method  of  localized  electrization  of 
Duchenne  was,  that  the  electric  current  can  be  localized  over  a 
fixed  point  under  the  skin  if  well-moistened  conductors  are  strong- 
ly pressed  upon  the  skin. 

He  observed — what  is  perfectly  familiar  to  all  experimenters 
in  electro -therapeutics — that  when  dry  electrodes  are  applied  to 
the  dry  skin,  sparks  with  a  crackling  sou  nd  are  produced,  but  no 
sensation  and  no  muscular  contraction.  He  observed  that  when 
the  electrodes  are  well  moistened,  contractions  are  excited  in  the 
muscles,  with  the  phenomena  of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metallic 
electrodes,  metallic  brushes,  and  the  hand. 

On  these  observations  and  experiments  Duchenne  based  a  sys- 
tem of  electro-therapeutics  and  electro-diagnosis  which,  as  since 
refined,  developed,  and  modified  by  himself  and  by  numerous 
other  laborers  in  various  countries,  has  now  grown  into  a  perma- 
nent department  of  science. 

One  of  the  ablest  and  most  prominent  of  those  whom  the  writ- 
ings of  Duchenne  inspired  to  enter  upon  the  study  of  electro- 
therapeutics was  Professor  Remak,  of  Berlin.  His  first  work, 
"  Ueber  Methodische  Electrisirung  Geldhmter  Muskeln,**  "  On 
the  Methodical  Electrization  of  Paralyzed  Muscles,"  was  pub- 
lished in  1855.  In  this  work  he  revived  and  recalled  the  atten- 
tion of  the  profession  to  the  galvanic  currenty  and  he  furthermore 
announced  that  in  order  to  bring  a  muscle  to  complete  contraction 
it  is  better  to  excite  its  motor  nerves  than  to  allow  the  current  to 
operate  on  the  muscular  substance  itself.  His  second  work 
"  Galvano-Therapie der  Nerven-  und  Muskel-Krankeiten  was  pub- 
lished in  1858.    . 

Remak  became  the  founder  of  a  school  of  electro-therapeutists 
in  Germany,  as  Duchenne  had  been  in  France.  Their  systems,  as 
has  been  said,  diflfered  in  two  important  particulars.  Duchenne 
used  the  faradic  current,  making  the  applications  to  the  muscles  ; 
Remak  used  the  galvanic  current,  making  the  applications  to  the 
n)otor  nerves. 
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Duchenne  declared  that  the  galvanic  current  was  useless  for  the 
treatment  of  disease,  while  Remak  contended  that  it  was  the  only 
current  that  was  of  any  value.  Duchenne  was  unwilling  to  admit 
the  reality  of  the  discoveries  of  Remak,  and  Remak  as  emphatically 
rejected  the  conclusions  of  Duchenne.  Both  enforced  their  state- 
ments by  the  results  of  experiments,  and  both  appealed  to  expe- 
rience. 

It  is  now  well  recognized  by  all  electro-therapeutists  that  there 
was  truth  on  both  sides  of  this  interesting  controversy — that  the 
galvanic  and  faradic  currents  are  both  of  service  in  the  diagnosis  and 
treatment  of  disease,  and  that  too  in  more  than  one  mode  of  appli- 
cation. We  now  see  that  if  Duchenne  was  too  dogmatic,  Remak 
was  too  extravagant,  but  that  both  of  them,  by  their  experiments 
and  labors,  were  of  positive  service  to  science,  and  made  the  way 
easier  and  safer  for  those  who  have  since  followed  them  in  the 
department  of  localized  electrization. 

Remak,  shortly  before  his  death,  published  a  work  entitled 
"  Application  du  Courant  constant  au  Traitement  des  Ntvroses^^ 
Paris,  1865,  which  contained  the  leading  ideas  of  his  system,  and 
has  been  the  means  of  stimulating  many  other  experimenters  in 
this  difficult  department. 

Remak  did  more  than  merely  introduce  the  galvanic  current  to 
the  profession — ^he  discovered  and  recommended  special  applica- 
tions of  the  current,  and  suggested  the  theory  of  its  catalytic 
action.     He  was  the  first  to  scientifically  investigate  localized 
galvanization  of  the  sympathetic,  of  the  brain  and  spinal  cord, 
and  thereby  greatly  widened  the  sphere  of  electro-therapeutics. 
Although  at  first  his  theories  were  scouted,  and  his  statements  dis- 
credited, yet  since  his  death  they  have,  in  the  main,  been  strikingly 
confirmed,  and  are  now  regarded  as  accepted  facts  in  science. 
Even  during  this  last  era  statical  electricity  has  been  by  no  means 
laid  aside.     In  1847,  Dr.  Golding  Bird  published  very  remarkable 
results  obtained  in  the  treatment  of  anienorrhoea  by  static  elec- 
tricity, in  Guy's  Hospital.    He  made  use  of  a  Leyden  jar.    Statical 
electricity  has  been  successfully  used  by  Drs.  Gull  and  Clement. 
It  ,has,  for  a  number  of  years,  been  successfully  employed  by 
Dr.  Radcliffe  and  others,  in  the  T.ondon  Hospital  for  the  Para- 
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lyzed  and  Epileptic.  Quite  recently  Prof.  Schwanda,  of  Vienna, 
has  reported  suggestive  results  from  statical  electricity  generated 
by  Holtz's  electrophorus  machine. 

Within  the  past  fifteen  years  localized  electrization  has  been 
developed  and  improved  in  France,  in  Germany,  in  England  and 
America,  by  a  number  of  very  able  and  laborious  men  of  science. 
Among  the  recent  authors  in  this  department  may  be  mentioned 
the  names  of  Meyer,*  Becquerel,t  Baierlacher,J  Althaus,§  Tripier,| 
Rosenthal, T^  Frommhold,**  Ziemssen,tt  Garratt,JJ  Benedikt,§§ 
Brenner.  ||  || 

History  of  General  Electrization. — In  general  electrization  the 
aim  is  to  bring  the  whole  body  under  the  influence  of  the  cur- 
rent, so  far  as  is  possible,  by  external  application. 

The  origin  of  general  electrization,  like  that  of  localized,  is 
somewhat  uncertain,  since  it  is  difficult  to  determine  how  long  it 
was  used  by  the  laity  before  we  formally  introduced  it  to  the  pro- 
fession. It  is  certain  that  both  methods  have  been  in  popular,  and, 
to  a  certain  extent,  in  professional  use  in  America,  from  a  period 
not  long  subsequent  to  the  popularization  of  the  discovery  of 
induction,  certainly  a  long  time  before  they  were  introduced  to 
the  profession.  One  of  the  first — and  probably  the  very  first — to 
employ  a  fomi  of  general  electrization  was  Wm.  Miller,  of  New 

♦  Die  Electricitat  in  ihrer  Anwendung  auf  praktische  Medicin.  Berlin,  1854 
and  i868.     Translated  by  Dr.  Hammond. 

f  Trait^  des  applications  de  1* elect ricit.'*  a  la  TWrapeutique.     Paris,  1857. 

X  Die  Inductions-Electricitat  in  physiologisch-therapeutischer  Beziehung. 
Niimberg,  1857. 

§  A  Treatise  on  Medical  Electricity.  London,  1859.  Second  edition  of  the 
same,  1870.     Galvanism  in  Paralysis,  Neuralgia,  etc.,  1866. 

I  Manuel  d'Electrotherapie.     Paris,  1861. 

^  Die  Electrotherapie,  ihre  Begriindung  und  Anwendung  in  der  Medizin. 
Wien,  1865. 

**  Electrotherapie  mit  besondcrer  Riicksicht  auf  Nerven-Krankheiten;  vom 
praktischen  Standpunkte  skiz/irt.      Pesth,  1865. 

f  f  Die  Electricitat  in  der  Medicin.    Berlin,  1866. 

XX  Medical  Electricity.     Philadelphia,  1866. 

§g  Electrotherapie.    Wien,  1868. 

II  Unlersuchungen  und  Beol^achtungenaufdem  Gebietc  der  Elektrotherapie. 
I^ipzig,  186S  und  1869. 
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York,  who  began  the  empirical  use  of  this  system  of  treatment  in 
1843.  Since  that  time  some  form  of  general  electrization  has  been 
employed  by  Sherwood,  of  New  York  ;  Dr.  W.  Demming,  of  Port- 
land ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston ;  Dr.  Wells,  of 
Rochester,  N.  Y. ;  Drs.  Page  and  Channing,  and  by  a  very  large 
number,  both  in  the  profession  and  out  of  it,  of  whose  names  and 
special  methods  but  little  is  known,  since  they  have  taken  but  little 
pains  to  establish  the  treatment  on  a  scientific  basis,  or  to  introduce 
it  to  the  attention  of  the  profession.  Many  of  these  practitioners 
combined  localized  with  general  electrization,  and  some,  perhaps 
the  majority,  employed  the  latter  exclusively,  though  with  little  de- 
finiteness  or  precision.  Although,  as  has  been  said,  some  of  these 
early  experimenters  were  educated  physicians ,  the  majority  were 
ignorant  not  only  of  medicine,  but  of  every  other  department, 
and  not  a  few,  unfortunately,  were  as  unprincipled  as  they  were 
ignorant. 

Although  many  of  these  experimenters  were  outsiders  from  the 
profession,  although  they  had  no  part  nor  lot  in  the  realm  of 
science,  and  although  many  of  them  were  as  devoid  of  conscience 
as  of  intellect,  yet  we  should  none  the  less  eagerly  seek  for  and  ac- 
cept whatever  of  truth  they  may  have  stumbled  upon  or  discovered. 
In  the  histor}'  of  science  it  has  often  been  the  fortune  of  the  igno- 
rant and  the  lowly  to  hit  by  chance  on  some  great  fact  for  which 
the  wisdom  of  the  ages  has  sought  in  vain.  Especially  has  this 
been  the  case  in  Therapeutics.  Truly  says  Dr.  Stille,  "  Nearly 
ex'try  medicine  has  become  a  popular  remedy  before  being  adopted 
or  e7'en  tried  by  physicians  ;"*  and  Pereira  declares  that  "wirx 
vomica  is  one  of  the  feiv  remedies  the  discovery  of  which  is  not 
the  effect  of  mere  chance."\ 

Impartial  histor)-  must,  we  think,  record  that,  before  Duchenne 
and  Reniak  were  known  on  either  side  of  the  Atlantic,  before 
our  more  recent  electro  therapeutists  had  commenced  their  pro- 
fessional labors  or  studies,  there  were  in  this  land  not  a  few  em- 

•  Theraix'ulk^  vol.  i.  \\  31,  The  same  Author  states  that  "by  far  the 
greater  numlKT  (i>f  moiliiinos)  wore  ftrst  cm|^loyeil  in  cv>uniries  which  were  and 
are  now  in  a  state  of  s^iontifio  i^Uv^ramv." 

f  Materia  MeiUca,  vol,  j.  jv  ,\^^(». 
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pirics  who,  by  some  form  of  general  or  localized  electrization,  or 
both  combined,  or  by  methods  various  and  inconsistent,  and  in 
spite  of  their  own  ignorance  or  vice,  were  achieving  successes  in 
the  treatment  of  disease  by  electrization  which  in  certain  features 
even  the  most  advanced  physicians  of  our  day  have  not  yet  sur- 
passed. 

If  they  did  not  belong  to  the  chosen  ranks  of  the  profession, 
it  is  none  the  less  true  that  the  results  which  they  secured  were 
oftentimes  such  as  the  ablest  leaders  in  science  might  well  have 
envied.  If  their  methods  were  empirical,  their  empiricism  was 
often  justified  by  its  success.  If  their  nomenclature  was  imper- 
fect and  confused,  and  their  diagnosis  erroneous,  yet  their  confu- 
sion and  errors  were  not  a  little  redeemed  by  the  skill  with  which 
they  met  emergencies  when  the  therapeutist  was  far  more  needed 
than  the  pathologist  or  the  diagnostician.  The  great  defect  of 
these  empirics  was  not  in  their  results^  which  oftentimes  were 
truly  remarkable^  but  in  the  fact  thcU  their  ignorance  of  medicine 
rendered  it  impossible  for  them  to  intelligently  communicate  their 
experience  to  others^  or  to  make  it  of  any  permanent  value  to 
science. 

In  Europe,  so  far  as  we  can  ascertain  from  the  published  writ- 
ings on  the  subject,  or  from  our  own  personal  observation, 
the  method  of  general  electrization  with  the  faradic  or  galvanic 
current,  which  we  have  described,  has  not  been  used  or  recom- 
mended, at  least  by  men  of  science.  In  1852,  Beckensteiner  * 
suggested  the  idea  of  "  animalizing  "  static  electricity  by  passing 
it  through  the  body  of  the  operator,  and  making  passes  over  or 
near  the  patient. 

In  1857,  M.  Dropsyf  de  Cracow  published  a  new  method  of 
faradization,  the  modus  operandi  of  which  consisted  in  con- 
necting an  electrode  by  two  branches  on  the  top  of  the  head  and 
the  epigastrium,  while  the  other  electrode  was  connected  by  four 
branches  with  the  hands  and  feet.    At  each  sitting  the  poles  were 


•  Etudes  sur  T  Electricity.     Paris,  1859. 

f  Electroth^rapie  en  application  m^icale  pratique  de  I'^lectricit^  bas^e  sur 
denouveaux  proc^^s.     Paris,  1857,  in  8vo. 
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reversed.  In  1 858,  Seller*  proposed  to  cure  consumption  and  many 
other  obstinate  and  incurable  diseases  by  passing  a  faradic  current 
through  two  electrodes  near  to  but  not  over  the  body  of  the  patient 

In  1 863,  Gubler  f  suggested  the  treatment  of  conditions  of  de- 
bility by  placing  both  hands  and  feet  in  separate  basins  contain- 
ing salt  water,  and  passing  a  faradic  current  through  the  body. 

Our  own  attention  was  called  to  the  subject  of  general  electriza- 
tion in  1866,  and  in  that  and  the  following  year  we  introduced  it 
to  the  profession,  describing  in  a  very  general  way  its  powerful 
tonic  effects  and  modus  operandi, 

{N,  K  Medical  Record^  1866-67.  Transactions  New  York 
State  Medical  Society^  1867.  The  Medical  Use  of  Electricity^ 
with  special  reference  to  genercU  electrization  as  a  toniCy  ^c. 
New  York,  1867.) 

The  leading  ideas  which,  in  these  earlier  writings,  and  espe- 
cially in  our  monograph  on  general  electrization,  we  sought  to 
demonstrate  and  impress  were  : — 

1.  That  electrization  was  something  more  than  a  mere  stimulant 
— that  it  was  also  a  tonic  of  very  remarkable  efficacy,  and  as  such 
was  indicated  in  a  wide  range  of  diseases  associated  with  debility 
and  impaired  nutrition. 

2.  That  these  tonic  effects  could  be  best  obtained  by  making 
the  applications  over  the  surface  of  the  body  with  sufficient 
thoroughness  to  affect  the  whole  system — in  the  method  we  then 
described,  the  effects  and  modus  operandi  of  which  we  had  in- 
vestigated in  minute  detail. 

The  name  general  electrization,  as  descriptive  of  this  method  of 
treatment,  was  first  employed  by  us  and  in  the  writings  to  which 
we  have  referred. 

Those  who  had  previously  used  this  method  of  treatment  had 
failed  not  only  to  systematize  its  various  orders  of  effects,  to 
properly  classify  it  among  the  remedies,  or  to  present  the 
scientific  indications  for  its  use,  but  also  to  give  it  a  distinct  and 
expressive  nomenclature. 

♦  Galvanisation  par  influence.     Paris,  1858. 

f  De  1' Electrization  g^n^rale.     Bulletin  dc  Therapcutique,  Dec.,  1863. 
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The  progress  of  electro-therapeutics  during  the  last  era  has 
been  greatly  stimulated  by  the  physiological  investigations  of 
Nobili,  Marianini,  Matteucci,  Du  Bois-Reymond,  PflUger,  and 
others ;  and  has  been  indispensably  aided  by  the  improvements " 
that  have  been  made  in  the  construction  of  batteries  and  electro  - 
magnetic  machines.     (See  Electro-physics.) 

A  comparative  review  of  the  history  of  electro-therapeutics, 
and  of  the  present  accepted  principles  of  electro-physiology, 
teaches  several  important  lessons.     We  see  : 

I.  That  many  of  the  important  deductions  of  recent  experi- 
ments in  electro-physiology  had  been  empirically  anticipated. 

Duchenne  discovered  that  irritation  of  the  skin  produced  sparks, 
crackling,  and  a  burning  sensation,  and  that  electro-muscular  con- 
tractility and  electro-muscular  sensibility  were  produced  by  irrita- 
tion of  the  nerves  and  muscles,  by  experiments  on  wounded  pa- 
tients ;  but  the  electric  currents  had  been  used  to  irritate  the  skin 
and  produce  muscular  contractions  long  before  his  time.  His 
earliest  work  on  localized  electrization  was  presented  to  the  Aca- 
demy in  1847,  but  the  electric  current  from  a  faradic  apparatus 
had  been  used  in  various  ways,  for  the  treatment  of  diseases, 
many  years  before,  and  sparks  from  frictional  apparatus,  as  has 
been  shown,  had  been  more  or  less  employed  by  a  large  number 
of  observers,  both  in  this  country  and  in  Europe,  for  over  half 
a  century.  Many  of  these  experimenters  were  empirics  in  the  worst 
sense  of  the  word  ;  but  many  of  them  also,  with  all  their  manifest 
ignorance,  were,  as  has  been  said,  not  unfrequently  successful  in 
the  treatment  of  disease. 

During  the  last  century  there  have  been  a  large  number  of  ex- 
perimenters in  electro-therapeutics  who  in  all  their  lives  never 
contributed  a  line  to  the  literature  of  the  subject,  and  did  little  or 
nothing  to  encourage  or  inspire  others  to  prosecute  the  same 
studies,  and  who  yet  not  only  achieved  most  decided  therapeutical 
results,  but  also  empirically  anticipated  the  deductions  of  the 
ablest  electro-physiologists  of  our  time. 

Very  many  of  our  so-called  discoveries  in  this,  as  in  so  many 
other  branches  of  science,  are  but  revivifications  of  ancient  theories 
and  practices,  refined,  modified  and  developed  by  modem  research. 
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It  is  quite  recently  that  it  has  been  established  by  the  observa- 
tions of  ourselves  and  others  in  pathological  cases,  and  by  the 
experiments  of  Erb  on  the  dead  subject,  that  the  electric  currents, 
when  applied  over  the  head  and  back,  pass  through  and  directly 
affect  the  brain  and  spinal  cord  ;  but  the  theory  that  they  do  thus 
affect  the  central  nervous  system  had  been  received  for  years, 
and  has  led  to  successful  results  in  practice. 

The  proposition  of  Du  Bois-Reymond,  that  the  electric  current, 
after  penetrating  the  tissues  beneath  the  epidermis,  difiuses  itself 
through  the  tissues  in  various  directions,  according  to  the  con- 
ductibility  of  the  parts,  was  probably  anticipated-  at  the  earliest 
dawn  of  electro-therapeutics.  It  was  certainly  received  and  acted 
upon  by  numerous  experimenters  long  prior  to  the  elaborate 
researches  of  Du  Bois-Reymond,  and  in  America,  and  unques- 
tionably also  in  Europe,  has  been  for  years  the  empirical  basis  of 
electro- therapeutics. 

Electro-physiology  has  but  very  recently  demonstrated  that  the 
auditory  nerve  could  react  to  the  galvanic  current ;  yet  galvanism, 
almost  from  its  first  discovery,  has  been  used  for  diseases  of  the  audi- 
tory nerve,  and  in  occasional  instances  with  success.  So  also  the 
recent  deductions  of  physiology  concerning  the  changes  of  irrita- 
bility that  take  place  when  a  nerve  is  subjected  to  the  action  of  the 
galvanic  current ;  and  also  the  laws  of  current  direction  have  been 
vaguely  and  unscientifically  anticipated  in  therapeutics  for  more  than 
a  (juartcr  of  a  century.  Not  until  the  time  of  Remak  was  it  dem- 
onstrated that  the  sympathetic  could  be  directly  affected  by  exter- 
nal electrization,  and  yet  the  sympathetic  had  been  directly 
alTectcd,  for  good  or  ill,  by  all  who  had  previously  made  applica- 
tions of  electricity  over  the  head,  neck,  and  spine.  Very  recently, 
indt*cd,  has  it  been  demonstrated  by  physiological  experiments 
that  clcctri/ation  has  a  marked  influence  over  nutrition,  but  im- 
provtMiirnt  in  nutrition  was  one  of  the  earliest  as  it  has  been  one 
of  the  most  (onstant  etlVcts  that  have  been  obtained  from  electri- 
cal applicalions. 

'I'hat  so  many  of  llu*  recent  deductions  of  physiologists  had 
been  anli(  ipaled  hy  empirics  in  no  way  derogates  from  the  honor 
and  the  gratitude  thai  m  irnc  r  owes  to  its  latest  discoverers. 


EUdrO'TherapeutUs  in  Advance  of  Electro-Physiology.    1x5 

2.  Electro-therapeutics  has  been  in  advance  of  electro-physi- 
ology. This  inference  follows  directly  from  the  first  Starting 
with  some  electro-physiological  assumption,  or,  more  frequently, 
without  any  theories  whatever,  men  have  blindly  and  empirically 
resorted  to  electricity  as  a  panacea  for  an  immense  variety  of 
diseases,  and,  amid  many  blunders  and  absurdities,  stumbled  on 
many  important  results.  The  truth  is,  that  among  the  advanced 
minds  of  our  day  the  conviction  is  ever  deepening  and  strength- 
ening that  therapeutics  is  not  yet,  and  may  never  be,  an  exact  sci- 
ence ;  that  the  time  may  indeed  never  come  when  it  shall  be  pos- 
sible to  treat  any  disease  by  the  rule  of  three.  So  profound  is  our 
ignorance  of  the  chemical  constitution  of  the  body ;  of  the 
molecular  and  other  changes  that  incessantly  take  place  in  health 
and  disease ;  of  the  modifications  which  these  changes  undergo  by 
the  infinite  and  varying  influences  of  climate,  temperament,  diet  and 
mode  of  life ;  and  so  limited  and  uncertain  is  our  knowledge  of 
the  nature  and  action  of  medicines,  that  we  may  well  resign  the 
hope  of  reducing  therapeutics  to  an  exact  science  to  distant  gene- 
rations. The  number  of  those  in  the  profession  who  will  subscribe 
to  the  emphatic  words  of  Niemeyer,  "  It  is  idle  to  hope  for  a  time 
when  a  medical  prescription  should  be  a  simple  resultant  of  a 
computation  of  known  quantities,"  is  rather  increasing  than  dimin- 
ishing with  the  advance  of  science,  and  the  belief  is  extending 
that  therapeutics  is  mainly  a  matter  of  empiricism ;  that,  while  we 
are  waiting  and  toiling  to  perfect  our  knowledge  of  pathology,  and 
determine  its  relation  to  therapeutics,  we  must  not  allow  our 
patients  to  suffer,  but  should  faithfully  use  those  remedies  and 
systems  of  treatment  that  experience  has  recommended. 

Such  has  been  the  practice  of  many  of  our  most  successful  ex- 
perimenters with  electrization.  For  more  than  a  century  diseases 
of  which  they  knew  but  little,  by  electric  currents,  of  which  they 
knew  even  less,  and  that  too  not  unfrequently  with  good  results. 
Duchenne  introduced  localized  electrization  with  the  faradic 
current  in  1847,  and  Remak  published  his  first  essay  on  the  con- 
stant galvanic  current  in  1855,  but  the  faradic  current  had  been 
locally  applied  by  moistened  electrodes  many  years  before,  and 
the  use  of  the  constant  galvanic  current  even  antedates  the  dis- 
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covcry  of  the  voltaic  pile.  Indeed,  there  is  scarcely  a  disease  for 
^ich  electrization  is  now  employed  by  modem  neurologists  in 
which  it  had  not  been  used,  more  or  less,  during  the  last  century, 
though  usually  by  methods  less  scientific  and  results  less  uniform 
than  at  present.  It  will  be  seen  that  paralysis,  neuralgia,  chorea, 
epilepsy,  rheumatism,  diseases  of  the  eye,  ear,  indeed  nearly  all  the 
morbid  conditions  in  which  electrization  is  now  of  service  were 
treated  by  electricity,  and  not  unfrequently  with  success,  before  the 
present  century. 

3.  Some  of  the  theories  of  electricity,  electro-physiology,  and  the- 
rapeutics have  either  failed  to  be  sustained  by  modem  investiga- 
tion, or  have  been  actually  disproved.  Thus  it  is  now  pretty  well 
established  that  electricity  and  nervous  force  are  not  identical, 
but  the  supposition  that  there  was  identity  between  them  inspired 
and  encouraged  many  of  the  early  experimenters.  So  also  there 
are  a  vast  number  of  theories  concerning  the  action  of  electricity 
on  the  body,  the  relation  of  the  poles,  &c.,  that  at  present  are 
not  regarded.  The  admission  must  be  made,  however,  that  these 
erroneous  hypotheses  sometimes  led  to  experiments  producing 
important  therapeutical  results. 

4.  The  progress  of  electro -therapeutics  has  neither  been  rapid 
nor  uniform  ;  it  has  been  marked  by  alternations  of  era^  of  extrava- 
gant faith  and  activity,  with  eras  of  equally  extravagant  distrust 
and  neglect.  Though  often  in  advance  of,  and  unaided  by  phy- 
siology and  pathology,  it  has  been  so  closely  dependent  on  the 
mechanical  contrivances  for  generating  and  controlling  the  elec- 
tric current  that  it  has  necessarily  risen  and  fallen  with  the  prog- 
ress of  mechanical  art,  and,  to  a  certain  extent,  has  shared  in  the 
fluctuations  of  electro-physics. 

Beginning  with  the  mythical  procedures  of  the  Roman  physi- 
cians with  electric  fishes,  it  had  long  slumbered  in  the  forgetfulness 
of  ages  when  it  was  revived  in  the  18th  century  by  the  experi- 
ments with  frictional  electricity,  and  the  great  discovery  of  Galvani. 
The  interest  thus  aroused  by  galvanism,  and  the  invention  of  the 
voltaic  pile,  rose  to  a  height  of  enthusiasm  that  believed  that  the 
problem  of  therapeutics  was  solved  forever,  until  from  repeated 
failures  and  disappointments  there  ensued  a  reaction  of  indiffer- 
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ence  that  for  many  years  was  only  disturbed  by  the  birth  of 
electro-puncture  and  by  experiments  in  electro-surgery.  The 
discovery  of  induction,  in  1831-32,  and  the  modem  improve- 
ments in  galvanic  batteries,  have  inaugurated  a  new  revival  of 
electro-therapeutics,  in  which  the  enthusiasm  of  the  profession, 
rendered  skeptical  by  past  history,  but  now  convinced  by  un- 
equivocal demonstration,  has  been  slowly  and  reluctantly  en- 
listed. This  last  revival,-  it  is  safe  to  predict,  will  be  as  much 
more  extensive  and  permanent  than  any  of  its  predecessors, 
as  its  growth  has  been  more  gradual  and  more  scientific 

Thus,  after  more  than  a  century  of  experiment  and  failure,  elec- 
tro-therapeutics is  beginning  to  realize  something  of  the  hopes  of 
its  early  supporters.  The  tardy  fulfilment  of  the  promises  of  its 
youth  are  due  not  so  much  to  the  prejudice  of  men  of  science  as  to 
the  necessary  mechanical  difficulties  in  the  way  of  its  employment, 
and  to  a  want  of  knowledge  of  the  indications  for  its  use  and  the 
method  of  making  the  applications.  The  prejudice  of  which  so 
much  has  been  said  was  a  natural  result  of  the  many  failures  of 
electricity,  and  of  the  fact  that,  like  many  other  excellent  agents, 
it  was  for  a  time  almost  exclusively  in  the  hands  of  charlatans. 

The  history  of  electro- therapeutics,  with  its  varied  alternations 
of  failure  and  success,  and  its  ultimate  triumph,  may  not  inaptly 
be  compared  to  the  incoming  of  the  tide  upon  the  shore,  where, 
although  each  successive  wave  apparently  recedes  as  far  as  it  ad- 
vances, yet  the  level  of  the  waters  is  ever  gradually  rising,  with  a 
force  at  once  sure  and  irresistible. 


CHAPTER  II. 

DESCRIPTION     OF    APPARATUS    EMPLOYED     IN     ELECTRO-THERA- 
PEUTICS. * 

In  this  chapter  we  propose  to  describe  only  those  forms  of  ap- 
paratus which  have  been  proved  to  be,  on  the  whole,  the  best 
for  the  practical  purposes  of  electro-therapeutics.  Since  the 
extended  introduction  of  electricity  as  a  therapeutical  agent,  and 
especially  since  its  modern  revival,  a  large  variety  of  apparatus 
has  been  devised  and  recommended,  both  in  Europe  and 
America.  To  attempt  a  description  of,  or  even  to  mention, 
all  these  is  manifestly  unnecessary,  inasmuch  as  students  and 
physicians  are  only  interested  to  know  of  those  that  practical 
experience  has  shown  to  be  best  adapted  for  the  purposes  for 
which  they  were  designed  and  which  are  conveniently  accessible . 

Those  who  make  an  extended  use  of  electricity  in  the  treat- 
ment of  disease  will  need  apparatus  both  for  the  faradic  and  the 
galvanic  current ;  for,  as  will  be  seen  further  on,  the  galvanic 
current  is  oftentimes  of  service  where  the  faradic  utterly  fails, 
and  may  accomplish  results  in  the  treatment  of  disease  for  which 
the  latter  is  not  indicated. 

Apparatus  for  Faradization. — The  faradic  apparatus  which  we 
exclusively  employ  and  recommend  is  manufactured  by  Dr. 
Jerome  Kidder,  of  this  city. 

Although  most  of  the  results  of  electrization  can  be  obtained 
from  any  one  of  the  many  varieties  of  apparatus  that  are  em- 
ployed in  this  country  and  Europe,  and  although  it  is  not  yet  de- 
monstrated  that  the  manner  in  which  the  electricity  is  generated 
(that  is,  the  form  of  clement  employed)  has  any  necessary  influ- 
ence on  its  therapeutical  effects,  yet,  as  a  matter  of  fact,  much  bet- 
ter and  surer  results  will  be  obtained  from  an  apparatus  which  is 
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convenient,  reliable,  and  uniform,  than  from  one  which  is  incon- 
venient, unreliable,  and  Inconstant. 

It  is  proper  to  say  that,  in  the  comparison  of  the  apparatus, 
we  speak  from  an  extended  observation  and  trial  of  nearly  all 
the  most  approved  forms  that  are  employed  in  Gemiany,  France, 
England,  and  America.  The  best  foreign  apparatus  probably  is 
that  of  Stohrer. 

The  electricity  in  Kidder's  apparatus  is  generated  by  an  ordi- 
nary Smee's  battery. 

Smee's  element  is  represented  in  the  accompanying  cut  It  is, 
on  the  whole,  the  simplest  of  all  forms  of  batteries.  It  is  com- 
posed of  two  plates  of  zinc  and  one  of  platinum,  or  platinized 
silver,  held  tirtnly  together  by  a  brass  clamp,  and  acted  upon  by 
a  solution  composed  of  one  part  sulphuric  acid  to  from  eight  to 
fourteen  parts  of  water.  When  the  element  is  in  action  hydro- 
gen escapes  from  the  surface  of  the  platinum. 


Fig.  24.  Sm«'s  Element,  used  in  Kidder's  Apparatus.     The  anc  furnishes 
negalive  (N),  and  the  platinum  positive  (P),  declridty. 

This  is  not  the  only  form  of  element  that  may  be  used  with 
Kidder's  machine.  The  zinc  and  copper  battery,  acted  upon  by 
a  solution  of  sulphate  of  copper,  one  ounce  to  a  pint,  is  frequently 
employed,  and  by  some  is  preferred,  because  it  emits  no  disagree- 
able gases.     It  is,  however,  less  neat  and  reliable  than  the  sul- 
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phuric   acid  element,    since,  unless    the    zincs    are  frequently 
scraped  and  cleaned,  it  refuses  to  act. 

Farmer's  thermo-electric  battery,  that  was  formerly  connected 
with  Kidder's  machine,  we  do  not  use  or  recommend.  It  is 
heavy,  inconvenient,  and  unreliable. 

In  cases  where  a  very  powerful  current  is  needed  an  additional 
battery  may  be  used.  The  size  of  this  battery  that  usually 
accompanies  the  apparatus  is  moderate ;  but  in  the  office  a 
much  larger  size  can  be  employed  if  desired. 

It  is  necessary  to  understand  at  the  outset  the  distinctions 
between  the  terms  employed  in  describing  an  apparatus  for  the 
faradic  current. 

The  battery  is  the  zinc  and  platina  in  the  solution.  It  is  some- 
times called  the  element  or  cell.  The  helix  is  the  coil  of  wires, 
boxed,  and  covered  by  a  movable  metallic  tube. 

The  two  together  constitute  the  machine  or  apparatus.  The 
term  battery  is  very  frequently,  though  incorrectly,  applied  to 
the  apparatus  or  machine. 

For  the  physical  principles  on  which  this  apparatus  is  con- 
structed, including  the  philosophy  and  laws  of  induction,  we 
refer  to  the  chapter  on  electro-physics  (current  electricity).  Our 
object  here  is  simply  to  describe  the  apparatus  in  its  practical 
relations.  ^ 

A  very  important  and  distinctive  feature  of  the  apparatus  of 
Kidder  is  the  construction  of  the  rheotome  or  current-breaker, 
which  is  more  readily  adjusted  than  in  the  majority  of  appara- 
tuses. It  is  represented  in  the  accompanying  cut,  and  thus  de- 
scribed in  the  words  of  the  inventor  : — 

"  The  following  cut  represents  the  vibrating  arrangement  of  one 
form  of  my  machine.  The  screw  A  binds  the  brass  C  against 
the  screw  B,  so  as  to  hold  it  moderately  firm,  yet  allowing  its 
easy  adjustment.  The  iron  screw,  with  its  brass  head  E,  should 
be  turned  up  near  the  hammer  D,  when  the  solution  of  the 
battery  is  weak,  but  not  so  near  as  to  allow  the  hammer  to 
strike  this  screw  when  the  spring  vibrates.  The  machine  works 
better  when  the  hammer  does  not  strike  against  the  screw. 
This    arrangement   affords  perfect   adjustment  of  the   distance 
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betweeu  the  haninier  and  the  magnet,  without  altering  the  stiff- 
ness of  the  spring.  By  loosening  the  nut  F,  the  shaft  holding 
the  screw  B   can  be  moved   so   that   the  platina  point  of  this 


screw  can  be  located  at  difierent  points  longitudinally  on  the 
platinum  disc,  affording  more  rapid  vibration  when  this  point  is 
moved  toward  the  hammer.  The  nut  V  should  be  turned  so  as 
to  bind  the  bra.ss  parts  firm  in  their  required  position. 

'■'  The  point  of  the  screw  B,  which  point  I  make  usually  of  a 
spiral  platinum  wire,  should  barely  touch,  or  press  very  lightly 
upon,  the  platinum  plate  upon  the  spring,  and  when  properly 
adjusted  there  is  seldom  occasion  to  disturb  it." 

It  is  the  construction  of  this  rheotome,  more  jjerhaps  than 
any  other  single  feature,  that  gives  to  Kidder's  apparatus  a 
marked  advantage  over  all  others  that  have  yet  been  devised. 

In  many  of  the  ordinary  machines  the  rheotomes  are  very 
capricious  and  unreliable,  and  their  adjustment  severely  taxes  the 
patience,  and  not  unfrequently  has  permanently  discouraged  phy- 
sicians from  making  any  experiments  in  electro-therapeutics. 

This  apparatus  has  three  coils  of  wire. 

A  B  gives  an  induced  or  secondary  current  of  high  quantity  and 
low  inten.sity,  and  also  the  so-called  extra  current — that 
is,  the  current  induced  by  the  inner  coil  on  its  own  wind- 
ings. 
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B  C  gives  an  induced  current  of  moderate  quantity  and  moder- 
ate intensity. 

A  C  combines  A  B  and  B  C,  but  does  not  give  the  full  quan- 
tity. 

C  D  gives  a  current  of  high  intensity  and  low  quantity. 

A  D  gives  the  whole  power  of  the  apparatus — low  quantity  and 
high  intensity. 

The  inventor  has  recently  added  a  fourth  coil  to  E,  which 
gives  a  current  of  still  greater  intensity  than  A  D.  When  applied 
to  the  closed  eye  it  produces  a  glimmer  ing  such  as  does  not  ap- 
pear from  the  application  of  A  D. 

The  battery  and  helix,  conductors  and  electrodes,  together  with 
a  bottle  for  holding  the  solution,  are  all  e  nclosed  in  a  small  box, 
which,  when  provided  with  a  handle,  as  it  should  be,  is  very 
conveniently  portable. 

The  advantages  of  this  apparatus  are  these : — 

1.  It  is  simple  in  its  constniction  and  easily  managed.  Smee's 
is  the  simplest  of  all  batteries,  and  requires  but  littlie  attention  to 
keep  it  always  in  working  order. 

2.  The  qualities  of  current  that  it  affords  are  better  adapted 
for  the  various  purposes  for  which  the  faradic  current  is  em- 
l)loyed  than  those  of  any  other  apparatus  with  which  we  are 
acquainted. 

We  find  in  practice  that  for  applications  to  very  sensitive  parts, 
A  B  or  A  C  are  preferable  to  A  D. 

When  the  metallic  tube  is  entirely  withdrawn  A  C  is  stronger 
than  A  D. 

The  difference  in  the  physiological  effects  of  the  primary  or  extra 
current  of  the  inner  thick  wire,  and  the  secondary  and  tertiary 
currents  of  the  outer  and  fine  wires,  is  probably  twofold :  the  for- 
mer may  have  slight  chemical  or  electrolytic  effects,  and  the  lat- 
ter has  the  greater  intensity. 

On  taking  the  electrodes  in  the  hands,  A  C  is  felt  much  more 
powerfully  in  the  wrists  than  A  D,  on  account  of  the  fact  that  it 
acts  more  energetically  on  the  contractile  muscular  fibre.  WTien 
then  it  is  desired  to  produce  contractions  in  paralyzed  muscle, 
A  C  is  somewhat  preferable  to  A  D. 
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The  superiority  of  the  apparatus  is  especially  apparent  in  the 
oi)eratioiis  of  general  electrization.  As  will  be  seen  when  we 
come  to  explain  in  detail  the  modut  operandi  and  effects  of  gen- 


Fic.  36. — Kidder'^  FanuJic  Apparatus,  with  copper  plate  und  brass  ball  used 
in  genera!  elect  riial  ion. 

eral  electrization,  the  desired  resuhs  of  this  method  of  treatment 
can  be  much  belter  obtained  with  a  soft,  smooth  current,  than  with 
one  that  is  harsh  and  rough.     General  elecirization  is   indeed 
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especially  indicated  and  meets  with  some  of  its  best  successes  in 
cases  where  the  predominant  symptom  is  extreme  nervousness,  but 
in  all  such  cases  the  completeness  of  the  success  and  the  rapidity 
with  which  it  is  gained  very  materially  depend  on  the  quality  of 
the  current  employed. 

An  ideal  faradic  current  for  general  electrization  in  cases  of 
extreme  nervousness  and  irritability,  such  as  is  so  frequently  met 
with  in  dyspepsia,  hysteria,  constitutional  neuralgia,  and  nervous 
exhaustion,  would  be  exceedingly  fine  and  smooth,  and,  when  pro- 
perly applied,  would  be  agreeable  to  the  patient  •  Such  a  quality 
of  current  is  supplied  by  the  apparatus  here  described. 

In  localized  electrization  this  consideration  of  quality  of  cur- 
rent is  not  so  necessary,  and  yet  even  here,  for  conditions  of  irri- 
tation— such  as  appear  in  some  local  neuralgias — the  quality  of 
the  current  used  certainly  demands  attention. 

It  is  needless  to  say  that,  in  those  cases  where  it  is  desired 
simply  to  produce  muscular  contractions,  currents  of  a  smooth 
quality  are  not  so  essential 

3.  //  is  reliable. — ^A  very  prominent  fault  wjth  most  of  the 
faradic  instruments  is  uncertainty  of  action.  To  meet  the  wants 
of  the  practitioner  an  apparatus  should  at  all  times  be  ready  for 
action,  and  should  give  a  current  of  sufficient  power  to  meet 
every  possible  requirement  of  which  the  faradic  current  is  capa- 
ble. The  department  of  electro-therapeutics  has  been  greatly 
retarded  by  the  uncertainty  of  the  apparatus  employed,  and  the 
annoying  difficulties  attendant  on  their  management.  A  ma- 
chine that  is  properly  constructed  should  give  a  current  of  at 
least  moderate  strength,  even  when  it  is  not  kept  absolutely, 
faultlessly  clean.  The  practitioner  may  be  assured  that  if  a  ma- 
chine requires  constant  cleaning,  watching,  and  adjusting,  there  is 
somewhere  a  fault  or  deficiency  in  its  construction. 

The  apparatus  we  have  been  describing  is  reliable  at  all  times, 
even  when  it  has  been  long  neglected  \  it  gives  a  much  stronger 
current,  however,  when  it  is  new  and  clean,  when  the  solution  is 
fresh  and  strong,  and  the  connecting  wires  are  bright  and  polished, 
than  when  the  opposite  conditions  exist.  And  yet  the  over- 
worked practitioner  or  specialist,  for  whom  it  is  impossible  to  keep 
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all  portions  of  the  apparatus  in  perfect  order,  will  not  usually  be 
disappointed  in  its  operation,  and  will  find  that  even  with  tolera- 
ble care  it  will  serve  its  purpose  for  many  years. 

RULES   FOR  THE   USE  AND   CARE   OF  THE   APPARATUS. 

■ 

To  prepare  the  Apparatus  for  Use, — Fill  the  glass  cup  with  a 
solution  of  water  and  sulphuric  acid — one  part  sulphuric  acid 
to  eight  or  twelve  parts  water.  It  is  not  necessaiy  to  be  rigidly 
mathematical  in  regard  to  the  quantity  of  the  sulphuric  acid.  The 
average  proportion  is  one-tenth,  but  it  may  range  between  one- 
sixth  and  one-sixteenth. 

It  is  also  necessary  to  put  about  a  teaspoonful  of  quicksilver  in 
the  cup.  This  touches  the  lower  end  of  the  zincs  and  keeps 
them  constantly  amalgamated.  Amalgamation  is  necessary  in 
order  to  preserve  the  zincs  from  too  rapid  destruction,  and  to  pre- 
vent the  branch  currents  that  may  arise  through  the  impurities  of 
the  zinc.  In  order  to  amalgamate  zinc,  before  they  have  been 
used,  it  is  necessary  to  first  moisten  them  with  a  weak  solution  of 
sulphuric  acid  before  pouring  on  the  mercury. 

The  quicksilver  should  not  be  allowed  to  touch  the  central 
plate  of  platinum,  as  it  may  injure  it. 

The  jar  should  be  about  two-thirds  filled  with  the  solution. 

Unite  the  two  pieces  of  zinc  with  the  platinum  between  them  by 
means  of  the  brass  clamp ;  put  the  element  thus  formed  in  the 
solution.  Now  unite  by  a  brass  wire  the  top  of  the  clamp 
with  the  brass  post  marked  N  on  the  left  of  the  helix.  Unite 
the  platinum  with  the  brass  post  marked  P  on  the  right  hand  of  the 
helix. 

In  the  modified  form  of  apparatus  represented  in  the  cut  it  is 
necessary  to  close  the  prongs  between  one  of  the  brass  posts  that  is 
labelled  and  the  one  in  the  middle  that  has  no  label.  The  appa- 
ratus is  now  ready  for  action.  If  the  spring  does  not  at  once 
vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  still  refuses  to 
vibrate,  it  may  be  necessary  to  readjust  the  screw.  If  the  spring 
vibrates,  but  irregularly  or  too  slowly,  the  evil  may  usually  be 
remedied  by  readjusting  the  screw. 
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Now  connect  the  strings  attached  to  the  electrodes  with  the 
lettered  posts.  A  is  always  the  positive  pole,  and  B,  C,  and  D  are 
always  negative  relatively  to  A.  It  is  always  possible  to  distin- 
guish the  negative  pole  by  holding  the  electrodes  for  a  moment  in 
the  two  hands ;  the  one  in  which  the  current  is  strongest  felt  is  the 
negative  pole. 

If  the  apparatus  refuses  to  go,  or  if  it  stops  at  any  time  while 
in  use,  the  cause  may  be  looked  for — 

1.  In  the  screw  of  the  rheotome  or  current  breaker, — ^This  may 
not  be  properly  adjusted.  The  point  may  be  too  far  from  the 
spring,  or  too  closely  pressed  upon  it.  This  want  of  proper  ad- 
justment of  the  screw  is  the  most  frequent  cause  of  a  stopping 
of  the  machine,  and  of  the  refusal  of  the  spring  to  vibrate.  The 
spring  may  sometimes  be  corroded  at  the  point  where  the  screw 
touches  it. 

2.  In  the  connection  of  the  wires.  The  wires  that  unite  the  zincs 
and  platinum  may  not  be  properly  screwed  at  their  point  of  con- 
nection. 

3.  In  the  battery  itself  The  battery — that  is,  the  zinc  and  pla- 
tina,  with  the  solution  in  the  glass  jar — may  get  out  of  order  in  two 
ways.  Firsty  the  solution  may  lose  its  strength.  This  difficulty  may 
be  remedied  either  by  pouring  in  some  sulphuric  acid  or  making 
an  entirely  new  solution,  or  by  simply  adding  more  water. 
Secondly^  the  zii:ics  may  become  so  corroded  and  incrusted  as  to 
become  incapable  of  generating  a  current.  When  we  have  reason 
to  suspect  that  such  is  the  case  we  should  clean  them  with  an  old 
tooth-brush  or  cloth,  or  amalgamate  them  by  first  dipping  them 
in  the  acid  solution  and  then  pouring  over  them  a  small  quantity 
of  mercury.  The  platinum  and  the  zincs  will  in  time,  by  hard  and 
long  usage,  wear  out,  and  will  need  to  be  replenished. 

4.  In  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this 
apparatus  ever  becomes  so  injured  as  to  become  incapable  of 
service.  If,  after  we  have  properly  adjusted  the  screw  and  spring, 
made  sure  of  the  connections  of  the  wires,  replenished  the 
solution  and  cleaned  the  zincs,  the  apparatus  persistently  refuses 
to  go,  we  have  reason  to  suspect  that  something  may  be  wrong 
with  the  wires  that  compose  the  helix.     If  such  be  the  case  the 
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evil  can  be  remedied  only  by  the  inventor  himself,  or,  at  least, 
by  some  one  practically  familiar  with  the  construction  of  helices. 
But  we  should  try  very  patiently  and  perseveringly  before  we 
accept  the  conclusion  that  the  helix  is  thus  out  of  order,  for  it  is 
an  accident  of  extremely  rare  occurrence. 

When  no  current  is  felt  at  the  electrodes,  although  the  apparatus 
acts  properly,  we  know  that  the  connection  is  broken  somewhere  in 
the  insulated  conducting  wires.  Sometimes  the  union  of  the  wes 
with  the  electrodes  is  imperfect,  and  occasionally  the  wire  in 
some  part  is  broken.  It  should  not  be  forgotten  that  the  poles 
can  always  be  distinguished  from  each  other  by  the  fact  that  when 
the  electrodes  are  held  in  the  hand  the  current  is  felt  most  in  the 
negative.  Finally,  the  electrodes  themselves  may  become  very 
much  corroded,  and  may  need  cleaning  before  a  good  current  can 
be  obtained. 

To  take  care  of  the  apparatus. — ^When  not  in  use,  the  element 
can  be  taken  out  of  the  solution  and  rested  on  the  top  of  the 
glass  jar,  or  placed  in  another  jar  or  cup  of  water.  If  the  element 
remains  too  long  a  time  in  the  jar  an  incrustation  of  salt  will  some- 
times accumulate  on  the  top  of  the  zincs,  which  will  need  to  be 
brushed  or  washed  off.  This  salt  is  the  sulphate  of  zinc,  resulting 
from  the  action  of  the  sulphuric  acid  on  the  zinc 

It  is  not,  however,  absolutely  necessary  to  take  the  element 
out  of  the  solution.  When  properly  amalgamated,  it  may  remain 
in  the  solution  for  weeks  and  months,  and  yet  retain  sufficient 
strength  for  all  practical  purposes. 

When  not  in  use,  the  element  should  always  be  disconnected 
with  the  helix,  whether  it  is  kept  in  the  solution  or  is  taken  out 

When  the  element  is  thus  disconnected  with  the  helix,  care 
should  be  taken  that  the  wires  do  not  touch,  for  by  touching  they 
would  make  a  closed  circuit,  and  action  would  take  place  in  the 
battery.  We  may  know  that  action  is  taking  place  in  the  battery 
when  bubbles  of  hydrogen  are  rising  up  by  the  sides  of  the  zinc. 

Methods  of  modifying  the  current. — ^The  strength  of  the  current 
of  this  machine  may  be  modified  in  several  ways,  as  follows  : 

I.  It  may  be  modified  by  withdrawing  or  pushing  in  the 
metallic  tube  that  covers  the  helix. 
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of  branch  ^^H 


When  this  lube  covers  the  helix  an  indefinite  number  of 
currents  are  induced  in  it  that  interfere  with  the  main  current 
and  weaken  it.    In  proportion  as  this  is  withdrawn,  the  induction 
of  branch  currents,  and  the  consefjueiit  interference  with  the  main 
current,  grows  less. 


Fig.  a?  represents  a  larger  siie  of  Kidder's  appaiBtos.  11  is  provided  with  a 
:iiTtent  retec^or,  by  means  of  which  it  ispo^blc  to  change  I  lie  direction  of  the 
inirrent  without  mgving  the  elccliodcs  or  the  cotHlucting  wires  in  the  posls. 
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his  method  of  modifying  the  strength  of  the  current  must  be 
used  continually  both  in  gene  ml  and  locahzed  electrization. 

The  current  may  be  modified  by  increasing  the  quantity  of 
,  the  solution,  or  of  the  sulphuric  acid  in  it.  This  measm-e  can  be 
I- resorted  to  when  the  current  fails  to  accomplish  our  purpose, 
I  even  when  the  metallic  tube  is  entirely  or  nearly  withdrawn. 

,  When  the  current  passes  through  the  body  of  the  operator 
I  the  current  may  be  modified  by  increasing  or  diminishing  the 
Lpressure  of  the  hand  on  the  sponge  connected  with  the  positive 
Ipole.     {See  General  Electrization.) 

The  direction  of  the  current  can  be  changed,  at  any  rime,  by 
■  teversing  the  electrodes,  or  the  conducting  wires  in  the  posts. 


Flo.  iS  leprciieiils  a  smaller  sue  of  ihe  same  apparatus,  enclosed  in  a  nut- 
hciginy  case.  The  lielix  i*  the  lauae  as  that  in  the  ordinary  ball  cry.  It  ismare 
conveniently  porlable  than  eitlier  of  the  sizes  above  menlioned,  and  fumishel 
■  VST  Bood  current.  Two  elements,  which  are  in  tightly  corked  jars,  may  be 
•nited,  an  represented  in  ihe  cuts,  when  a  very  strong  current  is  desired.  The 
a  be  made  with  nil  forms  of  ihe  apporaliis. 
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Figare  ag  represents  a  still  ranaller  and  more  portable  Tonn  of  apparatus. 
The  belli  is  small,  and  the  element  that  accompanies  the  machine  and  is  carried 
in  it,  is  not  more  than  half  the  utuol  size,  and  consequent  I  y  the  current  afTordcd 
by  the  apparatus  is  not  strong  enough  to  meet  all  the  requirements.  Its  only 
recommendation  is  its  portabiiily,  since  it  can  be  carried  in  the  pocket.  The 
solution  con  also  be  carried  in  a  flask  or  kept  in  the  house  where  the  applica- 
made,  and  can  be  placed  in  on  ordinary  tumbler. 
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The  magneto-eUciric  (or  so-called  rotary)  machines  are  not 
much  used  at  the  present  day,  and  are  not  ordinarily  to  be  recom- 
mended. 

They  have  been  employed  largely  and  indiscriminately,  espe- 
cially in  this  country,  and  have  done  the  cause  of  electro-thera- 
peutics much  evil.  Although  the  current  afforded  by  them  is 
well  adapted  to  produce  muscular  contractions,  having  more 
powerful  effect  on  the  sentient  nerves  and  on  the  retina  than  the 
electro-magnetic,  and  is  frequently  of  service  in  the  treatment  of 
paralysis,  rheumatism,  and  kindred  disorders,  yet,  for  all  the  wide 
range  of  diseases  in  which  faradic  electricity  is  indicated,  it  is 
neither  sufficiently  reliable  nor  sufficiently  effective.  In  most  of 
the  conditions  of  irritability,  in  which  general  electrization  is  most 
effective,  this  form  of  electricity  is  contra-indicated,  on  account 
of  the  rough  and  disagreeable  quality  of  the  current. 

Another  very  prominent  objection  to  most  of  the  rotary 
nikchines  in  this  country  is  that  they  require  the  aid  of  an  assist- 
ant to  turn  the  crank.  This  objection  may  be  met  by  clock- 
work attachment.  An  arrangement  of  this  kind  is  employed  by 
Dr.  Morrell  McKenzie,  of  London,  in  the  treatment  of  paralysis 
of  the  larynx  ;  but  even  for  this  special  purpose  it  would  seem  to 
have  no  advantages,  but  positive  disadvantages,  as  compared  with 
a  compact,  convenient,  reliable  electro-magnetic  apparatus  de- 
scribed in  the  preceding  pages. 

Apparatus  for  Galvanization, 

The  want  of  a  suitable  apparatus  for  the  galvanic  current  has 
been  one  of  the  most  serious  difficulties  in  the  progress  of  electro- 
therapeutics. That  the  therapeutical  uses  of  this  current  were 
not  sooner  investigated,  finds  in  this  fact  a  partial  explanation. 

The  voltaic  pile,  concerning  which  such  fond  hopes  were  en- 
tertained, was  soon  found  to  be  so  inconstant  and  unreliable,  on 
account  of  the  rapid  corrosion  of  the  metals,  as  to  be  a  very  un- 
satisfactory dependence  in  therapeutics,  and,  except  by  a  few,  was 
practically  abandoned. 

Remak,  by  means  of  a  modification  of  DanielPs  battery,  first 
succeeded  in  placing  the  therapeutic  use  of  the  galvanic  current 
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on  a  scientific  basis,  and  since  his  time  apparatuses  for  generating 
this  current  have  greatly  increased  in  number  and  variety.  Before 
Remak,  and  subsequent  to  the  comparative  abandonment  of  the 
voltaic  pile,  electro-therapeutists  under  the  leadership  of  Du- 
chenne,  had  experimented  almost  exclusively  with  the  faradic  cur- 
rent, and  consecjuently  but  little  effort  had  been  made  to  devise  a 
convenient  and  reliable  fonn  of  galvanic  apparatus. 

During  the  past  fifteen  years  the  great  efhcacy  of  the  galvanic 
current,  and  its  decided  superiority  to  the  faradic  in  certain  con- 
ditions of  disease,  have  been  so  conclusively  demonstrated  that 
electro-therapeutists  and  manufacturers  of  instruments  have  com- 
bined their  forces  to  improve  the  galvanic  apparatuses. 

The  ideal  aimed  at  has  been  to  devise  an  apparatus  for  the  gal- 
vanic current  that  shall  possess  sufficient  electro-motive  force,  and 
shall  be  as  constant^  as  convenient^  as  reliabUy  and  as  portable  as 
those  eipployed  for  the  faradic  current,  and  at  a  reasonable  ex- 
pense. This  ideal  has  not  yet  been  fully  realized.  Apparatus!^ 
there  are  without  number  that  possess  some  one  of  these  qualifi- 
cations, or  perhaps  combine  two  or  more  of  them,  but  an  ideal 
apparatus,  in  which  ai7  these  qualifications  should  be  harmoniously 
united,  is  not  yet,  perhaps  may  never  be,  invented. 

The  battery  of  Gaiffe,  Paris  (composed  of  elements  acted 
upon  by  bisulphuret  of  mercury),  is  as  portable  as  the  faradic  ma- 
chine of  Kidder,  but  the  current  it  gives  is  too  deficient  both  in 
quantity  and  intensity  to  fulfil  the  requirements  of  electro-thera- 
peutics. Combinations  of  ordinary  Daniell,  Bunsen,  and  Grove 
cells,  which  physicians  have  been  compelled  to  use,  to  the  number 
of  40,  50,  60,  or  100,  furnish  sufficient  quantity  and  intensity  of 
electricity — when  they  are  in  good  order ;  but  they  are  exceed- 
ingly bulky  and  unsightly,  occupy  considerable  space,  and  are  abso- 
lutely non-portable,  and  what  is  worse  than  all,  many  of  them 
require  constant  vigilance  to  keep  them  clean. 

One  of  the  very  best  stationary  batteries,  for  office  or  hospital 
use,  is  Reniak*s,  composed  of  a  modification  of  DanielPs  elements, 
by  Siemens  &  Halske.  It  is  manufactured  by  Kriiger  &  Hirsch- 
mann,  Berlin.  We  have  tested  a  number  of  specimens  of  these 
in  Berlin,  and  have  found  them  to  be  exceedingly  reliable.      A 
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great  advantage  possessed  by  the  elements  of  Siemens  &  Halske 
is  that  the  chemical  action  is.  so  protected  that  the  battery  will  go 
for  many  weeks  without  being  cleaned.  The  battery  is  usually 
composed  of  60  elements  (which  may  be  enclosed  in  a  case 
or  closet),  and  is  provided  with  a  galvanoscope,  to  indicate  the 
strength  of  the  current,  a  contrivance  for  changing  the  direction 
of  the  current,  and  also  an  arrangement  by  which  the  operator 
can  at  once  select  the  number  of  cells  that  he  desires  to  employ. 
But  Remak'k  battery,  with  all  its  excellent  modifications,  is  non- 
portable, and  is  therefore  to  be  used  only  in  office  or  hospital 
practice. 

So  many  of  our  patients  have  been  and  are  in  a  condition  where 
it  is  difficult  or  impossible  for  them  to  visit  the  office— cases  where 
the  galvanic  current  is  strongly  indicated — that  we  have  from  the  first 
thrown  our  energies  into  the  attempt  to  devise  or  procure  a  galvanic 
battery  that  should  at  least  be  portable,  and  of  sufficient  intensity 
for  therapeutic  purposes,  even  if  it  did  not  fulfil  the  other  require- 
ments. 

There  are  two  forms  of  galvanic  apparatus  that  we  chiefly 
use  and  which  are  to  be  variously  recommended  according  to  tlie 
special  purposes  required. 

A  galvanic  battery  which  serves  our  purpose  in  the  office  most 
excellently,  and  which,  in  an  emergency,  can  be  taken  out,  is  a 
modification  of  Stohrer's  (Dresden),  made  by  L.  Drescher  of  this 
city. 

The  elements,  32  in  number,  are  of  zinc  and  carbon  ;  the  solu- 
tion is  composed  of  sulphuric  acid,  bichromate  of  potash,  and 
water — all  contained  in  a  box  2  feet  in  length,  and  9  inches  in 
breadth.  The  solution  is  contained  in  glass  jars,  placed  in 
a  movable  trough,  which  can  be  slid  up  to  the  elements  when 
required  and  let  down  when  the  battery  is  not  in  use.  This  bat- 
tery furnishes  sufficient  electro-motive  force,  and  will  go,  even 
when  frequently  used,  for  many  months,  without  cleaning.  By  a 
simple  and  easily-adjusted  slide,  any  desired  number  of  elements, 
from  I  to  32,  can  be  brought  to  bear  on  the  patient,  and  with  the 
slide  is  also  connected  an  arrangement  for  interrupting  the 
current. 


r 
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This  apparatus,  taken  ail  in  all — its  abundant  quantity  8 
tensity,  its  constancy,  its  reliability,  its  simplicity  and  convenience, 
and  its  possible  portability — is  one  of  the  best  galvanic  batteries 
for  electro-therapeutic  puqjoses  that  we  have  ever  seen  in  any 
country.  If  half  or  two-thirds  of  the  number  of  elements  * 
employed,  or  if  ihey  were  made  smaller,  the  battery  could  be 
quile  conveniently  portable. 


I 


Fio.   3a — Slohrer's  dnc-caibon  batlery.      (In  this  bnttery  rinc-platinain 
elements  may  be  substituied  for  rinc-carbon.) 

In  this,  as  in  the  other  galvanic  apparatus,  the  current  is  felt 
most  intensely  at  the  zinc  or  negative  pole. 

We  had  long  urged  Jerome  Kidder,  manufacturer  of  the  fara- 
dic  machine,  to  combine  Sniee's  elements  in  such  away  as  to  fur- 
nish a  portable  galvanic  apjiaratus,  and  had  suggested  a  variety  of 
ways  in  which  this  could  be  accomplished.  He  has  constructed 
several  forms  of  compound  Smee's  battery,  all  of  which  are  more 
or  less  portable,  one  of  which  is  represented  in  the  cut* 


I 


*  While  in  London,  we  were  s! 


1.iy  the  courtesy  at  Ot,  Anstie,  an  ex- 


Kidder's  Gafvanu  Batteries. 


should  be  remarted  of  all  these  combinations  of  Sniee's  1 
cells,  that  ihey  do  not  and  cannot  supply  the  same  quantity  of! 
electricity  that  is  generated  by  the  cells  of  Bunsen,  Grove,  or  X 


^ 


Fig.  3i.^Kid<ier's  galvanic  opparalus,  vrilh  box  and  covet,  une  of  ihc 
whecU  in  the  middle  of  llic  covei  connects  any  desired  numlier  of  cells  rrom 
Mteupwoids;  the  uther  wheel  intreases  ihe  current  without  interrupting  it. 
The  connecting  wires  are  uoilciJ  to  Ihe  posts  at  tlie  ends.  Kidder  tuu  recently 
added,  at  one  end  of  the  cover,  a  current  inlerrujiter,  and  at  the  other  a  current 
The  acid  sotulion  may  be  rai^  and  lowered  fraoi  the  metala,  as  in 
Sli^trcr'E  one-carbon  ballery.  T^e  apparatus  is  made  of  varioiu  sizes,  from 
,40  edit  to  loc^  according  as  it  is  designed  for  hospital,  or  office,  or  portable  t 

Where  simple  intensity  is  required,  Smee's  battery  is  probably  | 
as  effective  as  any  other  form;  therefore,  for  the  purpose  of- 1 
producing  muscular  contracrions  in  paralysis,  the  batteries  just  ^ 
described  are  as  serviceable  as  those  that  furnish  larger  quantity. 

When,  on  the  other  hand,  )K)werful  electrotonic  and  catalytic  | 
effects  are  desired,  as  often  in  applications  to  the  spinal  cord,  | 
■ympathetic,  and  viscera,  and  in  electro-diagnosis,  possibly  also  \ 

I   cc^dingly  neat,  convenient,  and  portable  arrangement  of  50  Smee's  cells,  that    , 

id  jual  been  cunslructeil  by  Weiss  of  Ihe  Slraiid.      Tlie  solution  was  raised  tc 
L  dw  platet  by  a  screw,  and  let  down  ii£iun  when  the  machine  was  not  in  use 
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in  the  treatment  of  some  neuralgias,  a  larger  quantity  of  elec- 
tricity than  can  be  obtained  from  Smee's  battery  may  be  of  ser- 
vice.     To  settle  this  (lueslion  experimentally,  however,  would    | 
require   extended  comparative    clinical  experience.      Chemical 
effects  of  a  positive  character  can  be  obtained  from  the  c 
bination  of  Smee's  cells  above  described. 


Fig.  31. — Combination  of  60  Smee's  eiemonts  used  in  Kidder's  galvanic  np- 
paralus.  A  much  larger  die  of  clement  i*  frequenlly  used  than  the  one  here 
represented.  Larger  elements,  which  can  be  mote  easily  cleaned  and  smal- 
gamated,  are  frequently  Itepl  in  (he  solqlion  all  the  time  without  injury.  (For 
directions  for  taking  core  uf  Smee's  battery,  see  p.  II7.}  It  is  not  ordinarily 
desirable  to  have  le^  than  40  large  or  60  small  elements.  If  the  elements  are 
too  small,  [be  cortent  generated  will  be  too  weak,  unless  they  arc  veiy 
frequently  cleaned  and  kept  in  perfect  order.  This  pari  of  the  apparatoi 
may  be  taken  out  very  conveniently,  and  carried,  if  it  is  first  provided  with 
some  sort  of  a  cover.     It  is  not  necessary  to  take  out  tbe  box  in  which  h 


Benedikt,  who  uses  a  portable  Smee's  battery  of  36  cells,  also 
expresses  doubt  on  the  question  whether  different  therapeutical 
results  are  obtained  from  large  and  small  elements.  Grove's 
cells  are  now  but  little  used  in  electro -therapeutics. 

]n  all  these  galvanic  batteries  evaporation  takes  place  more 
rapidly  iti  warm  than  in  cold  weather,  and  therefore  water  or  the 
acid  solution  should  be  added  from  time  to  time. 

Bills  and  Chains. — The  use  of  galvanic  chains  and  belts  is  a 
revival  of  and  improvement  on  the  methods  of  using  galvanism 
that  were  employed  in  the  i>eriDd  intervening  between  the  dis- 
covery of  Galvani  and  the  invention  of  the  voltaic  pile. 
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Pulvermacher' s  belts  have  been  recently  modified  and  im- 
proved, and  are  one  of  the  best  forms  of 
galvanic  chain  or  belt  that  has  yet  been 
devised,  for  direct  application  to  the  body. 
They  are  made  of  zinc  and  brass  wire,  and 
are  constructed  of  various  shapes  and  sizes. 
When  moistened  with  a  solution  of  vinegar 
and  water,  and  properly  applied  to  any  part 
of  the  surface  of  the  body,  as  the  neck  or 
trunk,  they  generate  a  very  feeble  current.  Fig.  33- 

The  electric  disks  of  Dr.  Garratt  generate  a  Pulvermacher's  chain. 

feeble  galvanic  current  that  certainly  acts  on  the  surface  over 
which  it  is  applied. 

Other  contrivances  for  direct   and  prolonged  application  to 
the  body  are   the  galvanic  poultices  of   R6camier,    the    gal- 
vanic belts   of  Br6ton  Fr^res,  and  Prudhomme.      The   thera- 
peudcal  value  of  any  of  these  contrivances  is  not  very  great ; 
clinical   evidence  of  very  important  therapeutic  results,  or   of 
such  as  cannot  be  obtained  by  galvanization  or  faradization,  is 
yet  wanting,  although  in  some  cases  they  seem  to  be  of  some 
little  service  in  neuralgia  and  rheumatism.     It  should  be  borne 
in  mind  that  the  therapeutic  effects  of  electricity  are  usually  ob- 
tained by  comparatively  short  applications,  made  at  intervals  of 
several  hours  or  days,  and  not  by  a  continuous  action  of  the  cur- 
rent.    A  prominent  objection  to  the  wearing  of  these  belts,  disks, 
girdles,  etc.,  is  that  they  sometimes  cause   ulcers   and   sloughs 
that  leave  permanent  cicatrices.     (See  chapter  on  Myalgia  and 
Neuralgia.) 

The  galvanic  chains  (Fig.  ^^)  of  Pulvermacher  are  also  used  for 
the  purpose  of  localized  galvanization.  They  are  made  of  wires 
of  copper  and  zinc  coiled  on  wood,  and  set  in  action  by  vinegar. 
They  furnish  a  current  of  considerable  intensity  and  very  small 
quantity,  but  are  unreliable  and  inconvenient ;  though  they  give  a 
very  good  current  when  they  are  of  a  sufficiently  large  size,  and 
are  in  perfect  order.  They  are  not  to  be  recommended,  except 
to  those  who  can  get  nothing  better. 

Electrodes  and  accompanying  Apparatus. — The  electrodes  that 


Fig.  34  :  A  ipongc  a  plioed  aver  Ihc  dcande, « 
e  tpoatc  finnij.    Fio.  36.— Elodrode  1 
idc  with  Idde  bandlb    Fia.  3I 
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are  needed  for  local  applications  to  special  parts,  as  the  eye,  the 
ear,  larynx,  oesophagus,  rectum,  vagina,  uterus,  bladder,  urethra, 
and  so  forth,  will  be  described  in  the  chapters  devoted  to  the 
electrical  treatment  of  these  organs.  We  propose  here  to  repre- 
sent and  describe  only  those  that  are  of  general  use  in  all  the 
ordinary  applications,  both  of  general  and  localized  electrization. 

The  variety  of  shapes  and  modifications  that  may  be  given  to 
electrodes  is  limited  only  by  the  taste,  inclinations,  and  peculiari- 
ties of  the  operator.  In  describing  those  that  we  chiefly  use 
and  recommend,  we  do  not  desire  to  give  the  impression  that 
we  regard  them  as  better  than  have  been  or  may  be  devised  by 
others ;  but  simply  that  they  have  satisfactorily  answered  our  pur- 
poses, and  will,  we  believe,  in  the  main  be  satisfactory  to  others. 

In  the  operations  of  general  electrization,  we  use  the  brass 
bail,  large  sponges^  and  copper  plate^  which  will  be  described  in 
the  chapter  devoted  to  that  subject. 

The  cuts  accompanying  represent  a  general  form  of  electrodes 
that  we  have  devised  for  many  of  the  purposes  of  localized 
electrization.  They  can  be  used  for  stable  or  labile  currents. 
The  handle.  Fig.  35,  to  which  is  made  to  fit  a  variety  of  elec- 
trodes of  different  sizes,  is  provided  with  an  interrupter  of 
ivory,  by  means  of  which  it  is  possible  to  interrupt  the  current 
slowly  or  rapidly,  as  may  be  desired,  without  removing  either 
electrode.  This  is  a  very  decided  advantage,  especially  in  the 
treatment  of  paralysis.  These  electrodes  may  be  covered  with 
soft  sponge,  flannel,  or  chamois.     We  usually  employ  sponge. 

The  sponges  should  be  frequently  washed  in  pure  water  and 
soap,  or  in  a  very  dilute  solution  of  carbolic  acid  or  chloride  of 
lime  or  permanganate  of  potash,  and  the  sponges  should  be  fre- 
quently changed,  and  when  they  become  of  a  green  color  should 
be  replaced.  The  electrodes  should  be  frequently  cleaned;  the 
positive  pole  especially  becomes  rapidly  oxidized. 

Unpolarizable  Electrodes. — It  is  well  known  to  electro-physi- 
ologists that  in  consequence  of  the  electrolytic  changes  that  take 
placQ  during  the  passage  of  a  current  from  the  electrodes  to  the 
body,  a  change  takes  place  at  the  surface  of  the  electrodes,  by 
which  a  new  electrical  action  is  set  up  that  to  a  certain  extent 


I40  History  of  Electro-Therapeutics, 

interferes  with  the  main  current  and  also  causes  pain.  Electrodes 
thus  affected  are  called  polarized. 

Dr.  Hitzig  ♦  of  Berlin  has  devised  electrodes  in  which  this 
secondary  electrical  action  at  the  surface  does  not  take  place ; 
to  these  he  has  given  the  name  unpolarizable  electrodes.  These 
are  made  unpolarizable  by  a  solution  of  sulphate  of  zinc  By  the 
courtesy  of  Dr.  Hitzig  we  were  enabled  to  test  them  while  in 
Berlin,  and  were  favorably  impressed  with  their  action.  The  pain 
produced  by  stable  galvanization  is  sometimes  very  disagree- 
able, and  by  these  electrodes  it  was  certainly  diminished.  They 
can  be  used  several  hours  without  exhibiting  any  polarization. 
The  subject  of  unpolarizable  electrodes  had  previously  received 
the  attention  of  Regnauld,  Matteucci,  and  Du  Bois-Reymond. 

The  conducting  wires  connecting  the  electrodes  with  the  appa- 
ratus are  covered  with  silk ;  they  may  be  still  further  insulated  by 
flexible  rubber.  Many  electro-therapeutists  have  rubber  cover- 
ings of  a  different  color  for  the  two  poles,  thus  affording  a  ready 
means  of  distinguishing  them.  An  objection  to  rubber  is  that  the 
sulphuric  acid  which  it  contains  corrodes  the  wires. 


*  Ueber  die  Anwendung  unpolarisirbarer  Electroden  in  der  Electrotherapic. 
Berliner  Klinische  Wochenschrift,  1867,  No.  89. 


CHAPTER  III. 

GENERAL  THERAPEUTICAL   EFFECT  OF   ELECTRIZATION. 

The  leading  therapeutical  effect  of  electrization  is  that  of  a 
stimulating,  tonic.  The  propriety  of  classifying  this  agent  among 
the  tonics  as  well  as  among  the  stimulants  is  derived  from  its  ob- 
served  effects  over  nutrition^  especially  when  it  is  applied  in  such 
a  way  as  to  affect  the  whole  system. 

It  is  necessary  to  state,  at  the  outset,  that  in  defining  electriza- 
tion to  be  a  stimulating  tonic  we  use  the  words  in  the  sense  in 
which  they  are  ordinarily  understood  and  employed  when  applied 
to  other  remedies  and  systems  of  treatment,  and  without  any 
reference  to  the  mere  verbal  distinctions  that  may  be  or  have 
been  made  in  the  classification  of  materia  medica. 

Stimulants  are  usually  understood  to  be  those  agents  which 
quickly  excite  the  system,  and  temporarily  arouse  its  activity. 
They  are  like  the  goad,  which  forces  the  exhausted  beast  to  draw 
the  burden  but  does  nothing  to  increase  his  strength  ;  or  like  the 
blast  of  the  furnace,  which  increases  the  combustion  but  adds  no 
fuel. 

Tonics^  on  the  other  hand,  are  ordinarily  understood  to  be 
those  agents  which  gradually  improve  nutrition,  restore  enfeebled 
functions,  invigorate  the  system,  and  permanently  increase  its  ca- 
pacity for  labor. 

They  not  only  excite  into  activity  the  strength  that  already 
exists,  but  ^ty  permanently  increase  the  strength.  They  are  like 
the  grain  which  feeds  the  hungry  beast,  and  supplies  the  waste  of 
the  muscles,  or  like  the  wood  and  the  coal  which  add  fuel  to  the 
flame. 

It  is  because  electrization  is  capable  of  producing  at  once  the 
effects  which  are  ascribed  to  both  these  classes  of  agents,  that  we 
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have  defined  it  a  stimulating  tonic.  It  will  be  found,  on  com- 
parison, that  it  is  followed  by  the  leading  effects  that  are  com- 
monly attributed  to  iron,  quinine,  strychnine,  phosphorus,  physical 
exercise,  the  shower-bath,  and  other  familiar  tonic  remedies  and 
systems  of  treatment. 

Reasoning  from  analogy,  as  well  as  from  experience,  it  would 
seem  that  the  full  effects  of  electrization  on  the  human  body  could 
only  be  obtained  by  making  the  applications  all  over  the  person. 
The  influence  of  any  drug  or  remedial  agent  on  the  constitution 
can  only  be  ascertained  by  bringing  the  whole  system  under  that 
influence.  A  man  who  habitually  washes  one  of  his  fingers  in 
cold  water  appreciates  the  tonic  effects  of  the  cold  only  in 
that  finger  ;  but  a  man  who  habitually  takes  a  shower-bath,  or 
plunges  into  a  tub  of  cold  water,  realizes  powerful  tonic  effects  on 
his  entire  system.  If  a  man  daily  exposes  one  arm  to  the  sun- 
light, while  the  rest  of  the  body  is  enclosed  in  a  dark  cell,  he  re- 
ceives direct  tonic  effects  only  in  the  exposed  member ;  but 
he  who  walks  forth  and  exposes  his  whole  person  to  the  solar 
rays  will  in  time  experience  the  full  tonic  effect  of  sunlight  on  his 
system.  If  one  hand  or  one  foot  is  vigorously  and  regularly 
exercised,  the  muscles  of  that  limb  exhibit  the  tonic  effects  of  the 
exercise,  and  increase  in  hardness  and  perhaps  in  size ;  but  if  all 
the  portions  of  the  body  are  vigorously  and  regularly  exercised, 
all  the  principal  muscles  will  increase  in  firmness  and  perhaps  in 
size,  and  tonic  effects  will  be  appreciated  by  the  entire  system. 

Just  so  with  all  other  tonic  remedies  and  influences.  If  qui- 
nine, strychnine,  iron,  arsenic,  oil,  &c.,  could  be  localized  in  a 
single  limb,  only  that  limb  would  be  directly  influenced  by  them. 
Their  tonic  effect  is  only  obtained  by  administering  them  in  such 
a  way  that  they  will  penetrate  every  portion  of  the  body. 

Electrization  is  no  exception  to  this  law.  In  order  to  ascertain 
its  full  effects  on  the  system  at  large,  and  to  determine  its  position 
among  remedies,  the  applications  must  be  made  in  such  a  way 
that  the  whole  system  shall,  so  far  as  possible,  be  brought  under 
its  influence.  We  claim  that  this  is  best  accomplished  by  the 
method  of  general  electrization  that  is  hereafter  to  be  explained 
in  detail. 
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In  making  a  detailed  comparison,  therefore,  between  the  effects 
of  electrization  and  the  effects  of  recognized  tonics — quinine, 
iron,  strychnine,  physical  exercise,  sunlight,  cold  bathing,  &c. — 
it  is  logically  necessary  that  the  applications  should  be  so  given 
that  the  whole  body  should  be  brought  under  the  direct  influence 
of  the  current,  just  as  it  is  brought  under  the  influence  of  other 
recognized  tonics  as  ordinarily  administered. 

The.  immediate  or  primary  effects  of  electrization  are  often 
stimulating.  The  immediate  effects  of  an  application  of  general 
electrization  are  often  a  feeling  of  enlivenment  and  exhilaration, 
drowsiness,  temporary  relief  of  pain,  and  increased  warmth  of  the 
body. 

The  same  effects  are  notably  observed  after  the  shower-bath, 
a  tumble  in  the  surf,  a  brisk  walk  in  the  open  air,  or  from  the 
administration  of  alcohol.  When  given  in  an  overdose,  or  to 
those  who  from  serious  organic  disease  or  other  causes  are  pecu- 
liarly susceptible  to  general  electrization,  it  may  produce  tempo- 
rary faintness,  weariness,  and  even  a  cold  perspiration.  In  the 
same  class  of  patients,  overdoses  of  exercise,  bathing,  &c.,  will 
produce  the  same  uni)leasant  effects. 

General  electrization  reduces  the  pulse  when  it  is  too  high,  and 
raises  it  when  it  is  sluggish. 

Agents  which  are  classed  as  stimulants  often  have  a  decided 
sedative  or  calming  effect. 

That  the  judicious  administration  of  alcohol  in  fevers  has  the 
effect  of  lowering  the  pulse  is  now  generally  conceded,  and  this 
effect  is  watched  for  as  an  evidence  that  the  patient  is  improved 
by  stimulation. 

The  bath,  or  a  walk  or  other  form  of  muscular  exercise,  judicious- 
ly used,  lowers  the  pulse  when  it  has  been  excited  by  anxiety  or 
overwork,  and  raises  it  when  it  is  already  slower  than  is  normal. 

An  application  of  general  electrization  frequently  sharpens  the 
appetite,  and  makes  the  sleep  for  the  night  sounder  and  more  re- 
freshing. The  latter  effect  may  result  from  localized  electrization 
of  the  head,  spine,  or  cervical  sympathetic. 

These  temporarily  calming,  soothing^  or  sedative  effects  of 
electrization,  which  were  first  pointed  out  and  emphatically  in- 
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sisted  on  by  us  in  all  of  our  earliest  writings  on  electro-therapeu- 
tics,* and  which  were  naturally  and  properly  received  with 
doubt  by  those  who  had  no  opportunity  ojf  testing  their  truth, 
have  recently  been  confirmed  by  Legros  and  Onimus,  in  a  variety 
of  pathological  cases.  The  facts  which  we  have  cited  demon- 
strate fully  that,  far  from  being  always  an  excitant,  the  current  of 
the  pile,  as  has  been  maintained  by  Hiffelsheim,  may  become  a 
sedative  or  calmant.\  Many  of  our  remedies  that  are  classified 
as  stimulants  or  stimulating  tonics  do  the  same. 

I^ike  other  stimulating  tonics,  general  electrization,  when  given 
in  an  overdose,  or  in  too  great  strength  for  the  constitution  of  the 
patient  or  the  condition  of  the  system  at  the  time,  may  be  fol- 
lowed by  secondary  or  reactive  effects  that  are  both  disagreeable 
and  positively  alarming. 

The  second  or  third  day  after  an  injudicious  application  the 
patient,  especially  at  the  outset  of  treatment,  may  experience 
soreness  in  the  muscles,  an  indefinable  feeling  of  nervous  ex- 
haustion, irregularity  of  pulse,  and  sometimes  exacerbation  of 
special  symptoms.  It  is  well  known  that  severe  physical  exer- 
cise will  produce  all  these  unpleasant  secondary  effects,  espe- 
cially in  patients  who  are  feeble  and  unaccustomed  to  muscular 
exertion.  A  cold  bath,  either  in  the  surf  or  at  home,  that  is  too 
prolonged  may  give  rise  to  all  these  symptoms  the  night  or  day 
following.  Unpleasant  effects  may  secondarily  follow  an  over- 
dose of  our  ordinary  stimulants,  as  alcohol,  or  from  internal  ton- 
ics, as  iron,  quinine,  strychnine. 

The  permanent  effects  of  general  electrization  are  as  closely 
analogous  to  those  which  come  from  other  tonic  remedies  and 
systems  of  treatment  as  are  the  immediate  and  secondary  effects. 

The  very  marked  permanent  effect  of  general  electrization  is 

♦  New  York  Medical  Record,  Dec.  15,  1866 ;  The  Medical  Use  of  Elec- 
tricity. New  York :  1867.  Transactions  of  New  York  State  Medical  Soci- 
ety, 1867.     Introduction  to  Tobold's  Chronic  Diseases  of  the  Larynx.     1868. 

f  Legros  and  Onimus,  op.  cit.,  p.  39.  These  authors,  however,  make  acapi- 
ital  error  when  they  deny  the  same  qualities  to  the  faradic  current,  and  imply 
that  it  is  injurious  to  the  brain.  See  also  Meyer*  s  Electricity  in  its  Relation 
to  Practical  Medicine,  op.  cit.,  p.  93. 
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improvement  in  the  sleep.  Physical  exercise, — walking,  boating, 
gymnastics,  bowling, — cold  bathing,  and  the  ordinary  internal 
tonics  do  the  same,  though  not  so  markedly  and  with  far  less  uni- 
formity. 

General  electrization  also  permanently  improves  the  appetite 
and  digestive  capacity,  and  regulates  the  bowels.  Improvement 
in  the  various  operations  of  digestion  is  one  of  the  most  uniform 
effects  of  our  ordinary  tonics,  and  it  is  for  that  purpose,  more  per- 
haps than  for  any  other,  that  they  are  employed. 

Like  other  tonics,  general  electrization  often  permanently  re- 
lieves neuralgic  pain.  The  various  forms  and  localizations  of 
neuralgia  and  neuralgic  symptoms, — ^headache,  tic-douloureux, 
as  well  as  pains  in  the  trunk  and  limbs, — when  they  are  not 
dependent  on  some  incurable  lesion  or  condition,  are  frequently 
dispelled  permanently  by  this  method  of  treatment  Cold 
bathing,  sunlight,  exercise,  quinine,  iron,  strychnine,  arsenic,  and 
cod-liver  oil,  all  notably  produce  the  same  effects. 

Like  other  tonics,  general  electrization  equalizes  the  circula- 
tion. This  effec  t,  when  it  immediately  follows  an  application,  is 
merely  the  temporary  excitement,  similar  to  what  follows  a 
rapid  walk,  or  gynmastics,  or  alcoholic  stimulants,  and  soon 
passes  away.  But  when  it  becomes  a  permanent  condition 
— ^when  the  patient  feels  less  annoyance  from  chilliness  and  cold 
extremities — it  is  a  resultant  of  the  improvement  in  nutrition. 

Like  other  tonics,  also,  general  electrization  directly  afifects  the 
brain  and  sympathetic  system,  and  thus  often  relieves  mental  de- 
pression. Severe  phases  of  hypochondriasis^-even  those  which 
are  just  on  the  verge  of  insanity — are  frequently  held  in  check, 
and  sometimes  thoroughly  dispelled,  by  a  long  and  persistent  use 
of  this  remedy.  This  same  condition  is  combated  by  travelling, 
physical  exercise,  bathing,  and  internal  tonics,  and  with  more  or 
less  success. 

Like  other  tonic  measures — ^gymnastics,  active  games,  and  out- 
door amusements,  &c.,  &c. — general  electrization  causes  the 
muscles  to  develop  in  size  and  hardness,  and  sometimes,  though 
by  no  means  uniformly,  causes  important  and  rapid  increase  in 
the  weight  of  the  body,  the  result  of  the  improvement  in  nutri* 
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tion.  Increase  in  weight  is  familiarly  observed  after  a  trip  of 
pleasure,  a  vacation  in  the  country,  a  voyage  by  sea,  and  very 
frequently  indeed  from  the  use  of  cod-liver  oil  and  strychnine. 
General  electrization  sometimes  causes  the  patient  to  increase  in 
weight  from  the  very  outset  of  the  treatment,  and  to  an  extent 
that  is  most  surprising. 

Like  other  tonics,  general  electrization,  in  its  ultimate  effects, 
increases  the  disposition  and  the  capacity  for  labor  of  the  brain 
or  of  the  muscles.  This  is  indeed  the  chief  end  to  which  all  tonic 
treatment  is  directed,  inasmuch  as  diminished  capacity  for  labor 
is  perhaps  the  condition  for  which  tonics  are  most  frequently  ad- 
vised. General  electrization  does  not  usually  increase  the  capaci- 
ty for  toil  until  it  has  first  improved  the  sleep,  the  appetite,  the 
digestion.  The  same  is  true  of  many  other,  if  not  all,  tonic 
remedies.  Lastly,  experience  shows  that  general  electrization  is 
usually  contraindicated  in  those  diseases  and  for  those  tempera- 
ments that  will  not  bear  internal  tonics.  We  find  almost  invaria- 
bly that  it  must  be  used  most  cautiously,  and  meets  with  its  worst 
failures  in  cases  when  quinine,  strychnine,  iron  and  stimulants 
have  proved  to  be  injurious. 

E  Although  the  experiments  of  Legros,  Onimus,  and  others 
(see  page  %2i)  were  performed  with  the  galvanic  current,  yet 
it  is  by  no  means  demonstrated  that  important  though  less 
marked  chemical  as  well  as  physical  eflfects  are  not  producible  by 
the  faradic  current. 

Becquerel  allows  that  the  laws  concerning  the  direction  of  the 
current,  in  the  treatment  of  neuralgia  at  least,  apply  to  the  faradic 
current.* 

This  question,  however,  like  all  other  questions  of  electro-the- 
rapeutics, must  be  settled  by  clinical  experience,  rather  than  by 
even  the  most  skilfully  conducted  experiments  on  animals. 

Whatever  difference  of  opinion  there  may  be  concerning  the 
rationale  of  electrization,  or  whatever  dispute  there  may  be  con- 
cerning the  use  and  the  meaning  of  the  words  stimulant  and 
tonics,  the  majority  of  advanced  practical  electro-therapeutists 
must  substantially  endorse  the  emphatic  words  of   Prof.   Nie- 

*  Legros  and  Onimus,  op.  cit.,  p.  83. 
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meyer :  **  /«  the  constant  current  we  have  a  means  more  powerful 
than  any  other  of  modifying  the  nutritive  conditions  of  parts  thai 
are  deeply  situated. "  * 

It  should  not,  however,  be  forgotten  that  eflfects  of  electriza- 
tion on  nutrition  had  been  obtained  by  numerous  observers  for 
years  before  they  received  any  scientific  explanation,  or  before 
even  any  attempt  was  made  to  give  them  a  physiological  basis, 
and  that  too  with  the  faradic  current  alone. 

Rationale  of  electrization.  Both  the  stimulating  and  the  tonic 
effects  of  electrization  are  resultants  of  the  various  and  divers 
action  of  the  currents  on  the  tissues.  These  effects  have  been 
defined  as  mechanical^  physical^  catalytic  (increase  of  circulation 
and  absorption),  electrotonic  (modification  of  nerve),  electrolytic 
(electro-chemical  decomposition),  and  chemical.  The  mechani- 
cal effects  aie  most  markedly  observed  from  the  faradic  current, 
the  other  effects  from  the  galvanic.  These  terms,  considered 
as  explanations  of  the  action  of  electrization,  are,  it  must  be  ad- 
mitted, quite  unsatisfactory,  since  they  are  incapable  of  exact 
and  complete  definition,  and  must,  to  a  certain  extent,  include 
each  other.  It  is  safe,  however,  to  say  that  we  know  as  much 
of  the  rationale  of  electrization  as  of  most  of  our  internal  reme- 
dies. (See  effects  of  the  electric  currents  on  the  tissues  and  on 
nutrition  in  electro-physiology.) 

In  the  time  and  manner  of  their  development  the  tonic  effects 
of  general  electrization  resemble  those  of  other  tonics  in  these 
two  particulars ; — 

1.  They  are  developed  slowly, — This  slowness  of  development 
marks  a  radical  distinction  between  tonics  and  mere  stimulants. 
The  agreeable  stimulating  effects  which  immediately  follow  an 
application  of  general  electrization,  just  as  they  follow  the  use  of 
gymnastics,  walking,  active  games,  &c.,  soon  pass  off  or  merge 
into  the  permanent  or  tonic  effects,  that  come  more  or  less  slowly, 
and  after  repeated  treatment. 

2.  They  are  often  developed  long  after  the  treatment  is  aban- 
doned,— Weeks  and  months  after  a  patient-  has  taken  a  course 

*  Text-Book  of  Practical  Medicine  ;  Translations  of  Drs.  Humphreys  and 
Hackley,  vol.  it,  p.  29a 
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of  treatment  by  general  electrization  he  may  continue  to  improve 
in  his  general  condition,  even  though  very  little  progress  may 
have  been  made  while  the  applications  were  being  received. 
Just  so  the  tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our 
ordinary  summer  vacations,  are  sometimes  not  appreciated  until 
•after  we  have  returned  home,  and  are  again  fully  at  work. 

(The  various  effects  of  general  electrization  will  be  treated  in 
full  detail  in  the  chapter  devoted  to  that  subject) 

The  inquiry  now  very  naturally  arises,  why  it  is  that  the  im- 
portant fundamental  fact — that  electrization  is  a  powerful  means 
of  improving  nutrition,  and  capable  of  producing  effects  on  the 
constitution  similar  to  those  which  are  familiarly  obtained  from 
the  tonics  in  every-day  use — has  until  quite  recently  escaped  the 
observation  of  the  very  able  writers  who  in  different  lands  have 
devoted  themselves  to  electro-therapeutics. 

The  inquiry  is  thus  answered  : — 

I.  Because  most  of  the  recent  scientific  observers  whose  writ- 
ings are  authorities  in  electro-therapeutics  have  used  electricity 
locally,  in  some  form  of  "  localized  electrization,^^ 

For  obvious  reasons,  that  have  already  been  presented,  local- 
ized electrization  must  produce  chiefly  local  effects,  which  although 
they  are  tonic  in  their  character,  so  far  as  they  go,  and  reveal  them- 
selves by  marked  improvement  in  the  local  nutrition,  would  not 
ordinarily  suggest  the  powerful  constitutional  tonic  powers  of  which 
electrization  is  capable  when  applied  all  over  the  body,  any  more 
than  the  feeble  effects  of  washing  the  hands,  the  face,  or  the  feet, 
or  any  other  single  member  or  organ,  would  suggest  or  give  any 
intimation  of  the  well-known  constitutional  effects  of  surf-bathing 
or  the  shower-bath. 

Indirect  constitutional  tonic  effects  result  from  localized  elec- 
trization of  the  central  nervous  system,  and  especially  from  gal- 
vanization of  the  sympathetic,  although,  as  will  be  seen,  they  are 
not  as  marked  as  those  which  follow  general  electrization. 

It  is  a  very  interesting  and  significant  fact,  however,  that  since 
the  introduction  into  medical  practice  of  the  methods  of  galvaniz- 
ing the  nervous  centres  first  suggested  by  Reraak,  electro-thera- 
peutists have  achieved  success  in  a  variety  of  diseases  associated 
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with  debility  and  impaired  nutrition,  where  before  electrical  treat- 
ment was  supposed  not  to  be  indicated,  at  least  by  those  who  con- 
fined themselves  to  localized  electrization.*  A  suggestive  fact  re- 
lating to  this  subject  is  that  Gubler,  who  is  one  of  the  very  few 
European  writers  who  had  used  faradization  in  such  a  way  as  to 
directly  affect  the  whole  system,  also  remarked  tonic  effects  in 
conditions  of  debility,  even  from  his  very  awkward  and  imperfect 
method,  f 

2.  Because  the  immediate  effects  of  electrization  are  so  mark- 
edly stimulating,  as  to  suggest  the  idea  that  it  is  simply  and  only 
a  stimulant  or  irritant.  In  some  of  the  cases  for  which  localized 
electrization  are  used  the  stimulant  are  the  effects  which  are  chiefly 
desired.  But,  as  has  already  been  shown,  many  of  our  ordinary 
tonics  are  primarily  stimulating,  and  so  much  so  that  they  have 
been  classed  as  stimulating  tonics. 

There  is  little  question  that  if  muscular  exercise,  sunlight,  cold 
bathing,  &c.,  had  been  used  only  locally,  as  electricity  has  been 
used,  they  might  have  been  regarded  merely  as  stimulants. 

3.  Because  until  quite  recently  most  of  the  recognized  authori- 
ties and  writers  on  electro-therapeutics  of  modem  days  have 
not  used  electricity  in  those  diseases  and  morbid  conditions  where 
tonics,  par  excellencCy  were  demanded.  They  have  used  the 
agent  mainly  with  a  view  to  stimulating  effects,  and  in  some  form 
of  localized  electrization.  On  this  principle  they  have  treated 
paralysis,  rheumatism,  neuralgia,  &c.  As  we  shall  demonstrate 
hereafter,  besides  those  diseases  in  which  the  efficacy  of  localized 
electrization  is  fully  established,  the  morbid  conditions  and  symi>- 
toms  for  which  electrization  is  most  rapidly  and  permanently 
successful,  are  precisely  those  in  which  we  use  our  ordinary 
tonics — such  as  dyspepsia,  nervous  exhaustion,  insomnia,  hypo- 
chondriasis, hysteria,  general  neuralgia,  chorea,  spinal  irritation, 
and  some  forms  of  paralysis  dependent  on  or  associated  with 
general  debility. 

♦  Vide  the  writings  of  Remak,  Meyer,  Benedikt,  Niemeycr,  above  quoted. 

f  I)e  r  Electrisation  g^^rale  consid^rec  comme  agent  tonique  et  stimulant 
diffusible.  Bulletin  de  Th^'apeutique,  D^cembre,  1863.  (For  description  of 
his  method,  see  p.  112.) 
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Furthermore,  in  prosecuting  this  inquiry  we  must  not  overlook 
two  important  historical  facts  : — 

1.  In  the  latter  part  of  the  last  century  frictional  electricity 
and  the  current  of  the  voltaic  pile  were  used  for  a  variety  of  dis- 
eases for  which  we  now  use  tonics,  and  oftentimes  with  some 
success.  But  the  agent  was  used  mostly  empirically,  without  any 
definite  idea  of  its  nature  or  rationale  of  its  operation.  Partly  on 
account  of  the  inconstancy  and  uncertainty  of  the  voltaic  pile,  and 
partly  on  account  of  the  many  failures  that  were  necessarily  inevi- 
table with  such  poor  apparatus  and  desultory  experience ;  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  the  system  of  treatment  soon  fell  into  dis- 
repute. 

2.  Tonic  effects  have  been  obtained  from  various  methods  of 
employing  electricity  by  non-professional  men — charlatans 
and  outsiders— in  the  United  States  at .  least,  for  many  years, 
although  very  few  of  them  have  known  or  suspected  the  nature 
of  the  agent  they  dealt  with,  or  of  the  diseases  they  have  treated. 


CHAPTER  IV. 

COMPARATIVE    VALUE  OF  THE   GALVANIC   AND    FARADIC  CURRENTS. 

• 

Since  the  time  of  Remak  the  comparative  value  of  the  galvanic 
and  faradic  currents  in  therapeutics  has  excited  continual  interest, 
and  at  one  time  was  the  subject  of  angry  controversy. 

At  the  present  day  all  electro-therapeutists  who  keep  abreast 
of  the  progress  of  their  department  agree  that  both  currents  are 
of  service — that  one  will  fulfil  certain  conditions  for  which  the 
9ther  is  inadequate,  and  that  no  one  who  expects  to  secure  in 
practice  the  complete  effects  of  electrization  can  dispense 
with  either.  Concerning  the  special  indications  for  the  use  of  one 
or  the  other,  opinions  widely  and  honestly  differ,  according  to  the 
opportunities  and  experience  of  each  individual.  In  Germany, 
where  the  school  of  Remak  is  dominant,  the  galvanic  is  used  more 
than  the  faradic  ;  in  France,  at  least  among  the  disciples  of  Du- 
chenne,  the  faradic  more  than  the  galvanic.  In  England  and 
America  both  currents  are  employed,  general  practitioners  using 
chiefly,  or  in  the  majority  of  cases  entirely,  the  faradic ;  while 
specialists  use  both  with  more  or  less  exclusiveness. 

Much  of  the  confusion  that  exists  concerning  the  differential 
indications  for  the  use  of  the  galvanic  and  faradic  currents  arises 
from  an  imperfect  or  erroneous  or  exaggerated  conception  of 
the  distinction  in  their  physiological  effects.  The  general  belief 
or  supposition  is,  that  there  is  between  them  a  radical  and  impor- 
tant difference  in  kind^  as  though  they  were  two  different  agents 
or  forces,  and  that  an  appreciation  of  this  distinction  is  essential 
for  a  knowledge  of  the  differential  indications  for  their  use. 

A  fundamental  physiological  distinction  between  the  currents 
is  that  the  galvanic,  on  account  of  its  greater  continuousness  of  ac- 
tion, possesses  greater  chemical,  electrotonic,  catalytic,  or  clec- 
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trolytic  powers.  The  experiments  of  Du  Bois-Reymond  and 
others  and  clinical  experience  have  established  this  question  be- 
yond dispute. 

Experience  shows  that  chemical  effects  of  a  positive  character 
are,  however,  produced  by  the  faradic  current,  though  they  are 
incomparably  less  active  and  less  important  than  those  of  which 
the  galvanic  is  capable,  since  the  latter,  in  sufficient  quantity, 
can  efficiently  cauterize. 

From  the  accuniulating  results  of  experiments  and  experience 
in  electro-diagnosis  and  therapeutics,  we  think  that  there  is  strong 
reason  for  regarding  the  essential  distinction  in  the  effects  of 
these  currents  on  the  body  as  mainly  of  ^<^^^,— practically 
amounting,  it  is  true,  to  a  difference  in  kind, — and  that  this  is  the 
scientific  basis  for  their  differential  employment.  Thus  the  gal- 
vanic current,  applied  on  the  face  and  head,  produces  flashes  on 
the  retina,  while  the  faradic  will  not  But  we  have  treated 
a  number  of  cases  of  nervous  disease  where  the  same  flashes 
were  caused  by  the  faradic  With  the  improvement  in  their 
general  condition,  this  unusual  susceptibility  to  the  faradic 
influence  has  disappeared.  An  important  peculiarity  of  the 
galvanic  current  is,  that  when  applied  on  the  neck  it  causes  a 
metallic  taste  ;  and  yet  we  have  seen  a  case  of  constitutional  neu- 
ralgia, combined  with  excessive  irritability,  where  the  same  effect 
was  markedly  and  even  unpleasantly  produced  by  the  faradic  cur- 
rent when  applied  to  the  seventh  cervical  vertebra.  Other  well-rec- 
ognized peculiarities  in  the  effects  of  the  galvanic  current,  distin- 
guishing it  from  those  of  the  faradic,  are — ^giddiness  and  vertigo, 
when  applied  on  or  near  the  head ;  redness  and  burning  sensa- 
tion of  the  skin  at  the  points  on  the  surface  where  the  electrodes 
are  applied.  All  of  these  effects  are  observed  in  a  less  degree 
from  the  faradic  currentj  and  some  of  them,  in  cases  of 
abnormal  sensitiveness,  are  very  decided. 

When  we  come  to  study  their  therapeutic  effects  we  also  find 
that  both  currents  differ  chiefly  in  degree.  In  the  form  of  local- 
ized electrization  both  can  produce  muscular  contractions  in  par- 
alyzed muscles,  and  relieve  local  neuralgias  ;  both  cause  absorp- 
tion of  abnormal  secretions;  and  both  can  directly  affect   the 
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brain,  spinal  cord,  sympathetic,  and  all  the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that 
directly  and  indirectly  flow  from  electrical  excitation  of  these 
parts.  In  the  form  of  general  electrization  both  currents,  be- 
sides producing  most  of  the  other  results  of  localized  electriza- 
tion, act  as  powerfully  stimulating  tonics,  and  thus  form  most 
efficient  aids  in  the  relief  and  cure  of  nervous  exhaustion,  ner- 
vous dyspepsia,  constitutional  neuralgia,  and  of  a  wide  range  of 
nervous  diseases  associated  with  or  dependent  on  general  de- 
bility. 

In  electro-surgery  both  currents  avail  to  discuss  tumors,  heal 
ulcers,  and  hasten  absorption,  although  for  these  purposes  the  gal- 
vanic is  frequently  much  the  more  effective. 

And  yet  the  difference  in  degree  between  the  effects  of  the  two 
currents  are  so  marked  and  so  clearly  demonstrable  as  to  be 
practically  equivalent  in  certain  instances  to  a  difference  in  kind, 
and  to  give  very  important  and  remarkable  advantages  to  one 
current  or  the  other,  according  to  the  indications  required. 

The  advantages  of  the  galvanic  over  the  faradic  are  : — 

1.  A  greater  power  of  overcoming  resistance, — It  therefore 
affects  the  brain,  spinal  cord,  and  sympathetic  more  powerfully 
than  the  faradic,  since  the  anatomical  position  of  these  parts  is 
such  that  considerable  resistance  must  be  overcome  in  order  to 
directly  affect  them.  For  the  same  reason  it  is  usually  to  be  pre- 
ferred when  it  is  desired  to  affect  the  middle  and  internal  ear,  the 
retina,  and  the  muscles  of  the  eye. 

2.  A  power  of  producing  muscular  contractions  in  ccLses  where 
the  faradic  fails, — ^This  peculiarity  of  the  galvanic  ciurent  has 
now  been  observed  so  frequently,  and  in  such  striking  instances, 
that  it  has  become  an  accepted  fact  of  electro-therapeutical  sci- 
ence. Illustrative  examples  will  be  given  in  the  section  on 
paralysis.  After  a  certain  amount  of  treatment  by  the  galvanic 
current  the  paralyzed  muscles  frequently  resume  their  suscepti- 
bility to  the  faradic. 

3.  A  far  more  potent  catalytic^  electrotonic^  chemical^  and 
thermic  action, — ^The  chemical  power  of  the  galvanic  current  is 
most  markedly  seen  when  used   for  the  purposes  of  galvano- 

7* 
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cautery  or  electrolysis.  In  order  to  produce  the  ener- 
getic chemical  effects  of  the  galvanic  current  it  is  necessary 
to  use  elements  that  generate  quantity  of  electricity,  and  to  com- 
bine them  in  such  a  way  that  the  quantity  produced  shall  be 
very  large,  since  a  large  number  of  elements,  arranged  for  intensity, 
exhibit  only  a  comparatively  feeble  cauterizing  effect  It  is  be- 
cause the  galvanic  current  can  be  thus  arranged  for  quantity,  more 
than  in  any  difference  in  kind  between  the  effects  of  the  two  cur- 
rents, that  gives  it  its  superiority  to  the  faradic,  so  marked  and 
peculiar  as  to  practically  amount  to  a  difiference  in  kind.  The 
quantity  of  the  faradic  can  be  but  little  increased,  and  hence,  al- 
though it  does  possess  some  chemical  virtues  and  produces  slight 
chemical  effects,  it  is  not  indicated  where  such  effects  must  be 
very  energetic  and  concentrated.  The  superior  efl&cacy  of  the 
galvanic  current  to  the  faradic,  so  often  observed  in  the 
treatment  of  neuralgia,  of  atrophied  muscles,  rheumatism,  is  pro- 
bably due  to  its  greater  "  catalytic  "  and  electrotonic  action.  It 
probably  induces  more  rapid  and  more  important  molecular  and 
other  changes  in  the  tissues.  This  superiority  of  the  galvanic 
current  is  supposed  to  be  due  to  its  more  continuous  duration ;  it 
moves  constantly  in  one  direction,  and  thus  produces  more  power- 
ful electrolytic  effects  than  the  faradic  current  can  possibly  pro- 
duce, with  its  rapid  interruptions. 

The  advantages  of  the  faradic  over  the  galvanic  current  are 
these  : — 

I.  By  virtue  of  its  frequent  interruptions  it  more  easily  produ- 
ces muscular  contractions^  when  passed  over  the  muscles  or  the 
nerves  that  supply  them, — In  order  to  produce  full  muscular  con- 
tractions with  a  galvanic  current  of  moderate  strength  it  is  neces- 
sary to  interrupt  the  current,  and,  unless  it  is  quite  powerful,  to 
localize  at  least  one  of  the  electrodes  over  the  motor  nerve  by 
which  the  muscle  is  supplied — that  is,  over  the  so-called  "  motor 
points."  On  the  contrary,  the  faradic  current  is  in  a  condition  of 
rapid  interruption  and  produces  contractions  when  indifferently 
passed  over  the  surface  of  the  muscle,  as  well  as  when  localized 
on  the  main  motor  nerve  that  supplies  it. 

This  advantage  of  the  faradic  current  is  best  appreciated  in 
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general  electrization,  the  powerful  tonic  effects  of  which,  as  will 
be  seen,  are  partly  and  quite  largely  due  to  the  passive  exercise  and 
consequent  oxidation  and  other  important  changes  of  tissue  that 
result  from  the  several  thousand  muscular  contractions  that  take 
place  during  an  ordinary  sitting.  In  localized  electrization  this  ad- 
vantage is  not  so  clearly  and  strongly  marked,  since  in  this  method, 
by  a  proper  knowledge  of  electro-therapeutical  anatomy  and  suffi- 
cient care,  it  is  possible  to  direct  one  of  the  electrodes  on  the 
**  motor  points ; "  and  yet  even  here  the  faradic  current  is  much 
more  convenient,  because  its  employment  requires  no  arrange- 
ment for  interruption,  and  less  minuteness  of  attention  to  the 
situation  of  the  motor  nerves.  The  exceptional  cases  of  paralysis 
where  the  muscles  have  lost  their  susceptibility  to  the  faradic  cur- 
rent do  not  interfere  with  the  general  rule. 

2.  //  produces  greater  mechanical  effects, — ^These  mechanical 
effects  of  the  faradic  current  are  due  to  its  rapid  interruptions, 
which  cause  contractions  not  only  of  the  muscles,  but  also  of 
the  contractile  fibre  cells,  thus  stimulating  the  circulation,  and 
with  it  the  processes  of  waste  and  repair.  In  this  respect  its 
action  is  similar  to  that  of  rubbing,  pounding  movements  and 
vibrations.  These  mechanical  effects  are  especially  indicated  in 
the  treatment  of  diseases  of  the  abdominal  viscera,  which  are  sup- 
plied with  contractive  fibre  cells,  anaesthesia,  and  general  debility. 

3.  It  is  less  likely  to  produce  unpleasant  or  harmful  effect Sy 
when  incautiously  usedy  than  the  galvanic. 

To  confirm  this  statement  we  rest  mainly  on  the  evident 
results  of  clinical  observation. 

We  may  indeed  refer  to  a  number  of  cases  of  severe  constitu- 
tional neuralgia  and  excessive  nervous  exhaustion  where  the  fara- 
dic current  invariably  relieved,  and  where  the  galvanic  current  as 
invariably  aggravated  the  symptoms.  Our  own  experience  teaches 
that  wherever  the  galvanic  current  can  be  used  without  injury,  there 
also  a  faradic  current  of  corresponding  intensity  will  be  harmless. 

It  teaches  further,  as  above  stated,  that  in  certain  conditions, 
when  properly  used,  the  galvanic  current,  even  when  its  tension 
is  very  slight,  may  occasion  evil  results  where  the  faradic  is  not 
only  harmless  but  of  decided  benefit. 
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In  all  applf cations  to  the  head,  neck,  and  spine  especially,  ap- 
plications of  the  galvanic  current  can  rarely  be  protracted  without 
injury,  while  in  many  cases  the  spine  and  neck  may  be  faradized 
through  very  prolonged  sittings,  with  positive  benefit  to  the  pa- 
tient To  the  head,  also,  a  faradic  current  of  a  proper  quality 
may  be  applied  much  longer  than  a  galvanic  current,  before 
unpleasant  dizziness  or  headache  is  excited.  The  belief,  pretty 
generally  entertained  in  Europe,  that  the  faradic  current  cannot  be 
applied  to  the  head  without  injury,  is  to  be  accounted  for  by  the 
fact  that  most  of  the  electric  machines  there  employed  do  not  fur- 
nish a  current  of  sufficient  smoothness  for  faradization  of  the 
head.  Most  of  those  who  attempt  this  method  of  treatment  use 
too  small  electrodes,  and  thus  give  the  current  greater  density  than 
the  brain  can  bear.  Galvanization  of  the  eye  or  ear,  or  of  the 
cervical  sympathetic,  must  always  be  shorter  than  faradization 
of  the  same  parts.  These  considerations,  however,  need  not 
interfere  with  the  use  of  the  galvanic  current  to  these  parts,  in 
all  cases  where  it  offers  a  positive  advantage  over  the  faradic. 

A  consideration  of  some  practical  importance  with  general  prac- 
titioners is,  that  the  faradic  apparatus  is  more  convenient,  more 
portable  than  even  the  compactest  galvanic  apparatus  that  has  yet 
been  devised.  It  is  impossible,  however,  for  any  practitioner  to 
realize  anything  like  the  full  benefit  of  electrization  without  appa- 
ratus for  the  galvanic  as  well  as  the  faradic  current. 

The  general  differential  indications  for  the  use  of  the  two  cur- 
rents may  be  thus  summed  up.      The  galvanic  should  be  used — 

1.  To  act  with  special  electrolytic  power  on  the  brain, 
spinal  cordy  sympathetic,  or  any  part  of  the  central  or  peripheral 
nervous  system. 

2.  To  produce  contractions  in  paralyzed  muscles  that  fail  to  re- 
spond to  the  faradic, 

3.  In  electro-surgery,  to  produce  electrolysis  or  cauterization. 
The  faradic  should  be  used — 

1.  To  act  MILDLY  on  the  brain,  spinal  cord,  sympathetic,  or  any 
part  of  the  central  or  peripherical  nervous  system. 

2.  To  excite  muscular  contractions  wherever  the  muscles  are  not 
so  much  diseased  as  to  be  unable  to  respond  to  it. 
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3.   To  produce  strong  mecJianical  effects. 

Both  are  essential  in  electro-diagnosis — the  faradic  especially 
for  the  muscles,  and  the  galvanic  especially  for  the  nervous  sys- 
tem ;  and  both  are  adapted  for  general  as  well  as  localized  electri- 
zation, although  in  general  electrization  the  faradic  current  is 
chiefly  used.  It  logically  follows  g*om  what  has  been  said  that  very 
many — perhaps  the  majority — of  diseases  are  best  treated  not  by 
one  current  exclusively,  but  by  both  currents,  either  in  alternation 
or  succession.  Special  indications  will  be  given  under  the 
special  diseases. 

GALVANO-FARADIZATION. 

In  order  to  secure  the  advantages  of  both  currents,  and  at  the 
"same  time  to  avoid  the  trouble  and  inconvenience  of  employing 
them  in  succession  or  alternately,  as  is  so  frequently  necessary, 
we  have  devised  a  method  of  using  them  simultaneously.  To  this 
method  we  have  given  a  name  which  sufficiently  expresses  its 
character — galvano-faradization.  It  may  be  either  general  or 
localized. 

The  method  of  general  galvano-faradization  requires  a  double 
electrode,  with  one  part  for  the  galvanic  and  the  other  for  the 
faradic  current.  The  copper  plate  may  be  connected  ^t  one 
part  with  the  pole  of  the  faradic,  and  at  another  with  that  of  the 
galvanic  apparatus ;  thus  the  circuit  is  completed  for  both 
currents. 

In  localized  galvano-faradization  it  is  necessary  to  have  in  use 
two  double  electrodes ;  for  this  purpose  the  double  excitors  of 
Duchenne  answer  very  well.  By  a  proper  construction  and  ad- 
justment of  the  electrodes  it  is  possible  to  localize  the  two  cur- 
rents very  near  to  each  other.  Whether  any  special  therapeutical 
advantage  arises  from  the  simultaneous  use  of  the  two  currents 
we  are  unable  to  state. 


CHAPTER  V. 

LOCALIZED  ELECTRIZATION. 

Principles  and  Directions, — The  object  of  localized  electriza- 
tion is  to  confine  the  direct  action  of  the  current  to  some  particu- 
lar part  of  the  body. 

This  is  accomplisked  by  placing  electrodes  so  that  the  current,  in 
pcusing  from  one  to  the  other ,  shall  chiefly  traverse  only  that  par-  ■ 
ticular  part  that  is  to  be  affected. 

In  this  way  the  current  may  be  localized  in  a  muscle,  or  group 
of  muscles,  in  any  of  the  internal  organs,  in  the  brain,  spinal 
cord,  sympathetic,  in  a  plexus  or  nerve-tract,  or  in  any  part  of  the 
central  or  peripheral  nervous  system. 

It  is  usually  unnecessary  and  frequently  impossible  to  make  the 
localization  either  complete  or  exclusive.  Certain  hidden  and 
deep-lying  muscles  can  only  be  reached  through  other  muscles, 
and  ift  order  to  affect  any  of  the  internal  organs  it  is  necessary 
that  the  current  should  also  traverse  intervening  and  surrounding 
tissues. 

Again,  the  action  of  the  galvanic  current  especially  is  rarely  or 
never  confined  to  the  region  between  the  poles,  but,  either  directly 
or  by  reflex  action,  affects  other  portions  of  the  body.  Thus  peri- 
pheral applications  often  affect  the  brain  and  spinal  cord. 

The  advocates  of  localized  electrization  have  been  divided 
into  two  schools,  that  are  now  gradually  uniting  and  must  soon 
merge  into  one.  The  French  school,  under  the  leadership  of 
Duchenne,  use  chiefly  peripheral  faradization,  with  a  view  to  ex- 
clusively local  effects ;  the  German  school,  under  the  leadership 
of  the  late  Professor  Remak,  use  chiefly  central  galvanization, 
with  a  view  not  only  to  local  but  also  to  indirect  constitutional 
effects. 
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The  advanced  German  electro-therapeutists  at  the  present  day, 
to  a  certain  extent,  use  peripheral  faradization  and  galvanization, 
as  well  as  central  galvanization,  and  thifs  unite  all  the  advantages 
of  both  systems.* 

The  scientific  use  either  of  galvanization  or  faradization  re- 
quires as  accurate  as  possible  preliminary  diagnosis  of  the  disease. 

The  dictum  laid  down  by  Benedikf,  to  make  the  applications 
to  the  seat  of  the  disease^  is  thoroughly  philosophical  if  it  be  not  too 
exclusively  followed,  and  the  very  great  advantage  of  central  over 
peripheral  electrization  is  explained  by  the  fact  that  the  majority 
of  nervous  diseases  are  of  central  and  especially  of  spinal  origin. 
In  cases  of  doubt  it  is  necessary  to  electrize  in  succession  all  the 
suspected  localities  until  the  results  of  treatment  show  conclu- 
sively that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly, 
in  obstinate  or  doubtful  cases  the  head,  the  cervical  sympathetic, 
and  the  spine,  and  in  some  instances  the  uterus  or  organs  of  the 
abdomen,  are  to  be  successively  electrized.  Neuralgia  especially, 
which  is  much  more  frequently  of  central  origin  than  is  com- 
monly supposed,  usually  yields  sooner  and  surer  to  applications 
at  the  seat  of  the  disease  than  at  the  seat  of  the  pain. 

On  the  other  hand,  to  entirely  neglect  peripheral  electrization  is 
as  narrow  and  unphilosophical  as  it  would  be  to  exclusively 
depend  upon  it.  In  all  central  paralyses  that  are  accompanied  by 
loss  of  electro-muscular  contractility  or  sensibility,  or  by  mus- 
cular atrophy,  or  by  simple  debility,  the  progress  is  very  materi- 
ally aided  by  peripheral  electrization,  and  very  successful  results 
can  be  obtained  by  this  method  alone. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of 
the  disease  cannot  be  ascertained,  as  well  as  in  conditions  of  irrita- 
tion where  electrization  of  the  seat  of  the  disease  will  not  be 
borne,  peripheral  applications  alone  are  frequently  of  decided 
service.  For  peripheral  applications  both  the  galvanic  and  fara- 
dic  currents  are  used  ;  for  central  applications,  chiefly  the  galvanic 

^  The  school  of  Remak,  on  the  other  hand,  is  gaining  ground  in  France,  as 
we  judge  from  more  recent  literature,  and  also  from  our  own  personal  ob> 
servations  in  the  cliniques  of  Paris. 
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(see  p.  156).     Statical  electricity  is  now  but  little  used.      For 
method  of  employing  it  see  chapter  on  that  subject 

Instruments  for  Localized  Electrization, — In  localized  electri- 
zation the  same  galvanic  and  faradic  apparatus  are  used  as  in 
general  electrization.  For  localized  electrization  in  all  its  modi- 
fications there  are  needed  a  variety  of  electrodes  of  different 
shapes  and  sizes,  to  reach  the  various  localities  and  accomplish 
the  different  indications. 

Of  the  electrodes  there  are  three  general  forms — electric 
hand ;  the  metallic  brush  ;  solid  metals  and  metals  covered  with 
sponge,^  flannel^  linen^  or  chamois^  thoroughly  moistened. 

J>ry  or  Cutaneous  Farcuiization, — To  accomplish  dry  faradiza- 
tion the  portion  of  the  skin  over  which  the  application  is  to  be 
made  should  be  wiped  thoroughly  dry,  or,  what  is  better  still, 
sprinkled  with  some  absorbing  powder,  as  the  common  nursery 
powder ;  and  the  application  may  be  made  with  the  dry  hand  of 
the  operator,  or  with  metallic  electrodes. 

In  dry  faradization  with  the  hand  there  is  heard  a  peculiar 
crackling  sound,  which  is  caused  by  the  sparks  that  take  place  as 
the  current  passes  from  different  points  of  the  hand  to  the  skin. 

When  the  dry  hand  is  used,  the  oj>erator  passes  the  current 
through  his  own  person,  one  of  the  electrodes  applied  to  some 
near  point  by  an  assistant,  or  held  in  the  hand  by  the  patient  him- 
self Solid  metallic  electrodes  of  various  shapes  may  be  used  for 
dry  electrization. 

Dry  electrization  by  the  metallic  brush  is  a  very  painful 
method  of  application,  and  is  to  be  resorted  to  only  in  those 
cases  where  there  is  profound  cutaneous  anaesthesia  or  in 
neuralgia.  In  all  cases  where  there  is  great  sensitiveness  the 
hand  is  to  be  preferred  to  any  form  of  artificial  electrodes. 

Electric  Moxa. — The  so-called  electric  moxa  is  produced  by 
using  a  metallic  brush,  one  dry  metallic,  and  finely  pointed,  and  one 
moistened  electrode.  The  dry  electrode  is  rapidly  touched  to  the 
surface  where  the  moxa  is  to  be  made,  while  the  other  is  kept  firmly 
applied  to  some  near  and  indifferent  point.  The  surface  of  the 
skin  should  previously  be  rubbed  very  dry  or  sprinkled  with  some 
absorbing  powder. 
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The  operation  requires  a  current  of  some  intensity,  and  is 
exceedingly  painful.  It  is  chiefly  employed  as  a  counter-irritant 
in  neuralgia,  in  which  affection  it  is  frequently  successful.  The 
electric  moxa  may  also  be  produced  by  means  of  two  metallic 
brushes,  one  of  which  is  pressed  on  the  skin. 

Electrization  with  Moistened  Electrodes, — When  it  is  desired  to 
affect  the  tissues  lying  beneath  the  epidermis,  it  is  better  to  use 
electrodes  covered  with  sponge,  chamois,  or  flannel,  thoroughly 
moistened  with  salt  water  or  pure  water. 

The  size  and  shape  of  the  electrode  employed  must  be  modi- 
fied according  to  the  situation  and  sensitiveness  of  the  part  where 
the  current  is  to  be  localized,  and  also  by  the  sensitiveness  of  the 
patient.  As  a  rule,  small,  finely-pointed  electrodes  are  required  for 
localized  faradization  of  single  muscles,  larger  electrodes  for 
large  muscles,  or  groups  of  muscles,  and  those  with  the  largest 
surface  for  central  galvanization. 

When  the  current  is  localized  by  means  of  moistened  elec- 
trodes, it  diffuses  itself  through  the  body  between  the  electrodes 
in  various  directions.  The  extent  of  this  diffusion  and  the 
directions  of  the  current  will  be  v^ously  modified  by  the  situa- 
tion of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  He  between  them.  (See  Electro-Physiology,  pp.  84-99.)  ^^  is 
manifest  also  that  the  density  of  the  current,  other  conditions  be- 
ing the  same,  will  be  greatest  near  the  electrode  and  least  at 
the  farthest  point  between  them.  The  strength  of  the  cur- 
rent being  the  same,  small  electrodes  are  more  painful  than  those 
with  a  broad  surf  cue,  and  metallic  more  than  the  wet  sponge 
or  flannel.  The  least  painful  form  t)f  artificial  electrode  is  a  soil 
sponge,  with  a  broad  surface,  and  well  moistened. 

Two  general  methods  of  localized  electrization  are  recognized — 
the  direct  and  the  indirect.  In  direct  electrization  the  application 
is  made  over  the  muscle  to  be  excited.  In  indirect  electrization 
the  application  is  made  to  the  nerve  which  supplies  the  muscles. 
In  the  former  method,  large  electrodes  are  preferred ;  in  the  latter, 
usually  those  which  are  small  and  pointed.  The  faradic  current 
is  best  indicated  for  direct  electrization,  and  the  galvanic  for 
indirect. 
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The  points  where  the  motor  nerves  enter  the  muscles  are 
called  "motor  points."  They  have  been  carefully  demonstrated 
and  located  by  Ziemssen*  on  the  dead  subject. 

It  is  not  always  possible  to  produce  muscular  contractions  by 
irritating  the  points  where  the  motor  nerves  enter  the  muscles. 

In  stable  applications  both  electrodes  are  kept  in  a  fixed  posi- 
tion. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided 
over  the  surface ;  sometimes  both  of  the  electrodes  are  moved 
simultaneously. 

A  current  is  called  continuous  when  it  is  allowed  to  flow  in  one 
direction  without  interruption.  Only  the  galvanic  current  can  be 
continuous,  since  the  faradic  is  always  in  a  condition  of  interrup- 
tion. 

A  current  is  called  interrupted  when  it  is  broken  by  removing 
one  of  the  electrodes,  or  by  some  form  of  current  breaker,  or  by 
any  method  of  breaking  the  circuit.  The  faradic  current  is 
always  interrupted  by  its  rheotome,  but  it  may  be  still  further 
interrupted  by  removing  one  of  the  electrodes. 

A  current  is  called  uniform  when  it  remains  of  the  same 
strength  during  the  applications  of  the  electrodes. 

A  current  is  called  increasing  when  its  strength  is  gradually 
augmented  during  the  applications.  This  method  possesses  a 
great  advantage  in  treating  conditions  of  irritation  and  inflamma- 
tion.    It  may  be  used  with  both  galvanization  and  faradization. 

A  much  more  powerful  current  can  be  borne  when  its  strength 
is  gradually  increased  than  when  it  is  suddenly  let  on  in  full 
force  with  the  first  closure  of  ^e  circuit,  as  is  usually  the  custom 
with  the  majority  of  electro-therapeutists.  A  current  which,  when 
suddenly  closed,  may  cause  unbearable  pain,  and,  when  near  the 
nerve-centres,  dizziness  and  faintness,  may  oftentimes  be  borne 
without  discomfort  and  with  positive  advantage  if  it  is  gradually 
increased  from  a  very  mild  current. 

Increasing  currents  are  indicated  in  applications  to  the  brain, 
sympathetic,  spinal  cord,  the  eye  and  ear,  urethra,  inflamed  joints, 
and  to  all  conditions  of  great  irritation  in  any  part  of  the  body. 
*  Die  Electricitat  in  der  Medicin,.pp.  154,  et  seq. 
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The  faradic  current  (of  Kidder's  apparatus)  may  be  increased 
by  slowly  withdrawing  the  metallic  tube.  To  gradually  increase 
the  galvanic  current  the  battery  must  be  so  constructed  that  the 
elements  can  be  slowly  immersed  in  the  liquid.  The  galvanic 
current  can  also  be  increased  by  an  arrangement  that  gradually 
adds  to  the  number  of  elements  without  interrupting  the  cur- 
rent, or,  when  a  sponge  electrode  is  used,  by  slowly  increasing 
the  pressure. 

The  term  voltaic  alternatives  is  applied  to  those  applications  in 
which  the  direction  of  the  current  is  reversed  during  the  sitting. 

For  electrization  of  muscles,  labile  or  stable  interrupted  cur- 
rents are  preferred.  For  electrization  of  the  head,  spinal  cord,  sym- 
pathetic, and  nerve-tracts  and  plexuses,  stable  continuous  currents 
are  indicated,  and  these  again  may  be  either  uniform  or  increas- 
ing.* Labile  or  stable  intemipted  currents  are  best  adapted  to 
produce  muscular  contractions,  and  cause  most  potent  physical  and 
mechanical  effects,  while  stable  continuous  currents,  whether 
uniform  or  increasing,  produce  the  strongest  chemical  electrolytic 
or  catalytic  action. 

It  has  been  shown,  however,  by  Matteucci  that  electrolytic 
effects  attend  even  an  instantaneous  passage  of  the  current. 

In  cases  where  the  electro-muscular  contractility  is  not  greatly 
diminished,  it  is  an  advantage  to  use  electrodes  with  a  broad  sur- 
face, since  thereby  several  motor  points  may  be  influenced  simul- 
taneously, together  with  a  considerable  extent  of  muscular  tissue, 
and  because  they  are  less  painful  than  small  electrodes.  In  such 
cases  the  faradic  current  is  preferable. 

When  the  electro-muscular  contractility  is  very  greatly  di- 
minished, as  so  frequently  happens  in  paralysis,  contractions  are 
best  produced  by  small,  finely  pointed  electrodes,  applied  at  the 

*  What  we  here  call  the  increasing  current  Frommhold  has  designated  as 
"  swelling  intensity. "  For  this  purpose  he  uses  a  galvanic  apparatus,  in  which  the 
elements  can  be  slowly  dipped  into  the  solution  during  the  application,  thus 
gradually  increasing  the  strength  of  the  current  to  any  extent  that  may  be  de> 
sired. 

We  employ  the  increasing  in  general  as  well  as  in  localized  electrization,  and 
with  the  fai:adic  as  well  as  the  galvanic  current. 
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motor  points  of  the  individual  muscles ;  yet  even  here  electrodes 
of  moderate  size  are  usually  preferable.  Such  cases  often  require 
the  galvanic  current 

In  localized  electrization  of  the  brain,  spinal  cord,  and  sympa- 
thetic and  nerve  plexuses,  electrodes  with  broad  surfaces  are 
used,  and  the  galvanic  current  more  than  the  faradic. 

SPECIAL   RULES    AND    DIRECTIONS    TO    BE    OBSERVED    IN    MAKING 

THE   APPLICATIONS. 

Direction  of  the  current  and  position  of  the  poles, — In  localized 
as  in  general  electrization,  the  only  rules  to  be  observed  concern- 
ing the  direction  of  the  current  and  position  of  the  poles  are  those 
which  are  derived  from  experience.  Electro-physiology  has  in- 
deed shown  that  when  a  nerve  is  put  in  the  electrotonic  condition 
by  the  action  of  the  galvanic  current,  the  anelectrotonic  region  at 
the  positive  pole  is  in  a  condition  of  lowered  irritability,  and  the 
catelectrotonic  region  at  the  negative  pole  is  in  a  condition  of 
increased  irritability  ;*  that  the  ascending  current  contracts  and 
the  descending  dilates  the  blood-vessels  ;f  that  the  chemical  eflfects 
at  the  two  poles  are  essentially  different,  acids  going  to  the  posi- 
tive and  alkalies  to  the  negative ;  J  and  that  there  is  a  certain  and 
definite  law  of  contraction :  and  yet  it  must  be  conceded  that 
these  electro-physiological  deductions  cannot,  in  the  present  state 
of  science,  be  made  the  basis  of  electro-therapeutics.  So  wide 
and  uncertain  is  the  difference  between  the  physiological  and  the 
pathological  condition  of  any  part  of  the  body,  and  so  meagre  and 
fragmentary  is  our  knowledge  of  the  intimate  structure  of  the 
human  frame,  and  so  absolute  our  ignorance  of  the  nature  of  life, 
that  any  attempt  to  build  up  an  eocact  system  of  electro-thera- 
peutics, based  on  electro-physiology  alone,  must  inevitably  fail. 
Even  though  the  present  conclusions  from  electro-physiological 
experiments  be  accepted  as  infallible,  yet  there  remain  so  many 
unknown  and  unknowable  factors  concerning  the  structure  and 
functions  of  the  human  system  and  the. laws  of  disease,  that  in 

*  See  Electro-Physiology,  pp.  53-56. 
f  Legros  and  Onimus,  op.  cit.,  p.  34. 
X  See  Electro-Physiology,  p.  83. 
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practice  we  are  compelled  to  regard  these  conclusions  as  inci- 
dental confirmations  and  interesting  suggestions,  and  not  in  any 
sense  as  guides  in  making  our  applications.  We  believe  that 
among  all  progressive,  advanced,  and  liberal-minded  electro- 
therapeutists  the  conviction  is  gaining  ground,  that  in  cases  of 
real  or  apparent  conflict  between  electro-physiology  and  experi- 
ence the  former  must  always  yield. 

In  regard  to  the  direction  of  the  current,  experience  shows 
that  important  and  successful  therapeutical  results  are  obtained 
from  both  the  negative  and  the  positive  pole,  from  the  ascending 
and  the  descending  currents. 

The  rule  is,  that  the  descending  current  calms,  while  the  ascend- 
ing irritates ;  and  yet  there  is  no  question  that  both  currents  may 
have  a  calming  or  an  irritating  effect,  according  to  the  strength 
of  the  current  used,  the  length  of  the  application,  and  the  nature 
and  locality  of  the  disease. 

Some  operators  apply  the  positive  pole  over  the  seat  of  the 
pain  or  inflammation,  and  others  the  negative ;  and  both  obtain 
good  results.  Some  use  the  ascending  current,  others  the  de- 
scending ;  and  both  produce  satisfactory  muscular  contractions. 
In  localized  galvanization  of  the  brain,  cervical  sympathetic,  and 
spinal  cord,  both  directions  of  the  current  produce  therapeutic 
results. 

Concerning  the  position  of  the  pole  and  the  direction  of  the 
current,  experience,  however,  points  this  general  rule,  that  may 
in  a  manner  serve  to  guide  us  in  making  the  applications,  though 
it  should  never  be  blindly  followed  : — 

77ie  positive  pole  and  the  descending  current  are  the  more  calm- 
ingy  the  negative  pole  and  ascending  current  are  the  more  irritating. 

Accordingly,  in  spinal  meningitis  and  myelitis  the  positive  pole 
is  placed  over  the  seat  of  pain  or  tenderness,  and  in  peripheral 
neuralgia  dependent  on  neuritis  the  descending  current  is  to  be 
preferred  to  the  ascending.  On  the  other  hand,  anaesthesias  and 
paralysis  of  motion  are  best  treated  by  the  negative  pole  and  the 
ascending  current. 

But  this  rule  is  at  best  a  general  one*  It  is  open  to  many  ex- 
ceptions, and  is  modified  by  a  variety  of  factors.     Whether  the 
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effect  of  an  application  of  electricity  is  of  a  calming  or  irritating 
character  depends  on  the  temperament  of  the  patient,  the  nature 
and  locality  of  the  disease,  and  the  length  and  strength  of  the 
application,  as  much  as,  and  oftentimes  even  more  than  on  the 
position  of  the  poles  or  the  direction  of  the  current 

Accordingly,  the  general  law  we  have  laid  down  not  only  does 
not  always  hold,  but  in  some  cases  appears  to  be  actually  re- 
versed.* The  result  is,  that  every  application  of  electricity,  like 
every  dose  of  internal  medicine,  is  in  a  sense  an  experiment,  which 
must  be  tested  not  by  d  priori  reasoning,  but  by  its  own  individual 
practical  results  in  each  individual  case.  The  above  law  applies, 
so  far  as  it  applies  at  all,  to  both  the  galvanic  ^d  the  faradic  cur- 
rents. As  applied  to  the  faradic  current,  it  may  be  explained  by 
the  fact  that  that  current  is  felt  more  strongly  at  the  negative  than 
at  the  positive  pole.  As  applied  to  the  galvanic  current,  it  may 
also  be  partly  explained  by  the  established  fact  of  electro-physi- 
ology, that  the  anelectrotonic  region  at  the  positive  pole  is  in  a 
condition  of  lowered  irritability,  while  the  catelectrotonic  region 
at  the  negative  pole  is  in  a  condition  of  increased  irritability. 
The  polar  method  of  treating  diseases  of  the  ear  by  the  galvanic 
current — by  which  Brenner  and  Erb  have  obtained  good  results — 
will  be  described  in  the  chapter  devoted  to  that  subject. 

We  repeat  again,  that  this  general  law  should  be  followed  in- 
telligently, and  not  blindly ;  that  too  many  unknown  and  varying 
factors  enter  into  electro-therapeutics  to  make  it  an  exact  science. 

The  dose  of  localized  electrization  is  made  up  of  two  factors — 
the  strength  of  the  current  and  the  length  of  the  stances. 

Strength  of  the  current. — The  strength  of  the  current  employed 
must  be  so  modified  by  the  disease,  the  locality,  the  general  con- 
dition of  the  patient,  that  it  is  manifestly  impossible  to  lay  down 
special  rules  in  regard  to  it.     Even  if  the  dose  of  electricity  could 

*  It  was  the  opinion  of  Remak,  that  m  catalysis  the  transference  of  liquids 
took  place  from  the  positive  to  the  negative  pole ;  and  accordingly  he  advised 
the  use  of  the  positive  pole  over  the  seat  of  inflammation  until  effusion  appeared, 
when  the  positive  should  be  reversed.  In  central  applications  his  rule  was  to 
apply  the  positive  pole  over  the  seat  of  the  disease  when  the  inflammation  was 
'active,  and  the  negative  when  it  was  in  a  torpid  condition. 


Strength  of  Current,  167 

be  measured  with  the  same  mathematical  exactness  -as  drugs, 
there  would  yet  be  room  for  a  large  exercise  of  judgment  in  the 
treatment  of  each  case.  In  localized  electrization  with  the  fara- 
dic  current  we  must  sometimes  reduce  the  current  to  its  minimum, 
and  then  again  increase  it  to  its  maximum.  In  localized  electri- 
zation with  the  galvanic  current  we  must  have  at  command  the 
whole  range  of  elements  from  one  to  the  highest  number  of  the 
battery. 

There  is  more  danger  that  the  currents  used  will  be  too  strong 
than  too  weak.  With  beginners  the  tendency  is  to  overdo  elec- 
trization :  the  very  frequent  impression  that  the  results  will  be  in 
direct  proportion  to  the  strength  of  the  current  that  the  patient 
has  the  nerve  to  bear,  is  sure  to  be  dispelled  by  larger  experience. 
In  localized  electrization,  the  rule  of  caution  in  this  respect  is 
more  imperative  than  in  general  electrization,  because  the  former 
method,  other  conditions  being  the  same,  is  the  more  irritating, 
since  the  electrodes  are  placed  nearer  to  each  other,  and  the  part 
or  organ  to  which  the  application  is  made  receives  the  effects  of 
both  poles ;  whereas  in  the  latter  the  body  is  chiefly  under  the 
influence  of  the  positive  pole  only. 

Painful  and  irritated  parts,  and  the  central  nervous  system,  in 
all  conditions  should  at  first  be  treated  with  mild,  though  they 
may  subsequently  be  effectively  treated  with  powerful  currents. 
The  first  tentative  applications  should  always  be  with  weak  cur- 
rents, which  may  be  gradually  increased  according  to  the  results 
of  treatment  and  the  behavior  of  the  patient.  Before  applying 
the  electrodes  to  the  patient  it  is  always  well,  even  for  those  who 
use  a  galvanometer,  to  ascertain  whether  the  current  is  of  the 
proper  strength  for  the  purpose  desired,  by  directing  it  for  an 
instant  through  the  hand^  between  the  thumb  and  forefinger. 

Peripheral  applications  to  the  muscles,  with  a  view  to  produce 
muscular  contractions,  should  be  made  with  a  current  of  Just  suf- 
ficient strength  to  excite  the  contractions ;  and  no  recognizable 
benefit,  and  possible  harm,  may  come  from  increasing  its  strength 
very  much  beyond  this  point. 

Usually  nothing  is  gained  and  much  may  be  lost  by  very  fain- 
ful  applications. 
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In  localized  electrization  with  small  electrodes,  some  consider- 
able pain  is  frequently  necessary — more  than  is  comfortable  to 
the  patient,  and  more,  by  considerable,  than  is  required  in  gene- 
ral electrization,  where  large  and  soft  sponges  are  used ;  but  the 
applications  should  rarely  be  made  so  as  to  cause  very  intense  or 
protracted  pain.  In  peripheral  applications,  where  the  nerves 
are  not  in  an  irritable  condition,  little  permanent  harm  may  come 
from  severely  painful  applications,  aside  from  the  annoyance  ot 
the  patient ;  but  in  galvanization  of  the  central  nervous  system 
serious  results — hemorrhage,  congestion,  and  exhaustion — ^may 
flow  from  the  use  of  currents  that  are  disproportionately  strong. 

A  guide  which  is  usually  reliable  is  the  sensitiveness  of  the 
pcUient  Those  who,  from  anaesthesia  or  from  some  constitu- 
tional peculiarity,  are  little  sensitive  to  electricity,  may  be  tretted 
with  strong  currents ;  and,  vice  versd,  those  who  are  specially  sus- 
ceptible to  electrical  irritation  should  be  treated  with  mild  cur- 
rents. But  there  are  exceptions  to  this  rule  both  ways.  Some 
hysterical  patients  need  to  be  put  under  the  influence  of  an  anaes- 
thetic,* and  some  bear  without  discomfort  a  current  that  has  very 
pernicious  effects.  In  this,  as  in  the  other  factor  that  constitutes 
the  dose,  each  case  must  be  studied  by  itself. 

Length  of  the  sittings. — The  length  of  the  sittings  must  be 
largely  determined  by  the  locality  and  nature  of  the  disease,  the 
condition  of  the  patient,  and  the  strength  of  the  current  employed. 
Applications  to  the  central  nervous  system,  especially  with  the 
galvanic  current,  should  be  mild,  and  of  short  duration.  The 
range  of  time  that  experience  has  shown  to  be  most  beneficial  is 
given  in  the  chapter  devoted  to  the  details  of  applications  to  dif- 
ferent parts  of  the  body  under  the  different  diseases. 

Beginners  especially  should  resist  the  temptation  to  prolong 
the  sittings.  This  caution  should  especially  be  heeded  when  the 
patient  is  unaccustomed  to  the  treatment,  or  whenever  the  gal- 
vanic current  is  applied  to  the  head,  eye,  ear,  cervical  sympathe- 
tic, or  spine.  In  peripheral  applications  greater  latitude  may  be 
given,  but  in  all  cases  it  is  better  to  give  much  too  little  than  a 
little  too  much.     Too  severe  or  too  prolonged  applications  may 

*  See  Benedikt,  op.  cit.,  p.  80. 
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cause  unpleasant  and  even  alarming  relapses,  from  which  the 
patients  recover  only  with  difficulty. 

Frequency  of  the  applications, — The  frequency  of  the  applica- 
tions depends  on  the  condition  of  the  patient,  the  strength  of  the 
current  employed,  the  length  of  the  stances,  and  the  progress  of 
the  cases.  The  range  is  from  twice  a  day  to  once  a  week.  The 
average  for  all  cases  and  in  all  conditions  is  once  every  other  day, 
with  occasional  intervals  of  longer  duration.  - 

To  the  rule  that  the  applications  of  localized  electrization 
should  be  short,  there  are  some  striking  exceptions.  Both  gal- 
vanization and  faradization  may  sometimes  be  protracted  for 
hours  without  injury  and  with  positive  benefit.  A  patient  of  ours, 
on  whom  we  had  for  several  weeks  employed  stable  galvaniza- 
tion for  an  affection  of  the  eyes,  on  leaving  town  obtained  a  gal- 
vanic apparatus  of  twenty  cells  of  bisulphuret  of  mercury,  which 
generated  a  current  of  fair  strength.  With  this  apparatus  he 
began  to  treat  himself,  at  first  for  half  an  hour  daily,  from  time  to 
time  increasing  the  length  of  seance  until  he  took  four  applica- 
tions daily  of  one  hour  eacli.  His  method  of  application  was  to 
place  the  negative  pole  over  the  closed  eye,  and  the  positive  at 
the  back  of  the  neck.  This  habit  he  continued  for  a  number  of 
weeks  with  decided  advantage,  and  with  no  unpleasant  result 
beyond  the  irritation  of  the  skin  beneath  the  electrodes. 

Our  attention  has  been  called  to  the  case  of  a  patient  afflicted 
with  asthma,  who  found  great  relief  by  passing  a  faradic  current 
through  his  chest  for  one,  two,  or  three  hours  every  night 

A  medical  friend  of  some  experience  in  electro-theraj>eutics 
informs  us,  that  in  a  case  of  very  great  pain  attendant  on  abscess 
of  the  thigh,  he  caused  complete  relief  by  applying  a  very  strong 
current  with  metallic  electrodes  directly  through  the  affected  part 
for  several  hours,  after  applications  of  the  usual  length  and 
strength  had  failed. 

These  exceptional  cases  that  have  been  brought  to  our  atten- 
tion, taken  in  connection  with  the  results  that  sometimes  follow 
the  use  of  galvanic  belts,  pessaries,  etc.,  suggest  the  propriety  of 
trying  protracted  applications  in  obstinate  cases  of  disease. 

The  law  of  adaptation  of  the  strength  of  the  current  has  excep- 
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tions  both  ways.  We  once  treated  a  medical  gentleman  by  gen- 
eral faradization,  and  with  a  current  which,  though  quite  strong, 
was  not  painfully  felt.  That  same  and  the  following  night  he 
experienced  symptpms  in  the  cervical  spine  and  arms  that  clearly 
indicated  congestion  of  the  cord,  and  for  several  days  caused 
much  alarm  lest  paralysis  might  result.  It  was  between  the  sixth 
and  seventh  cervical  vertebrae  that  the  current  was  applied  with 
special  power.*  This  is  the  only  instance  of  the  kind  that  has 
ever  fallen  under  our  observation,  although  we  are  daily  acais- 
tomed  to  make  strong  applications  of  the  faradic  current  to  the 
same  region  of  the  spine.  The  anomalous  result  was  more  notice- 
able in  this  case,  because  the  patient,  though  dyspeptic  and  ner- 
vous, was  endowed  with  a  considerable  amount  of  adipose  tissue. 
Probably  the  cord  was  predisposed  to  congestion  by  a  condition 
of  exhaustion.  Another  fact  of  interest  connected  with  the  same 
case  is,  that  he  was  at  that  very  time  suffering  from  orchitis,  brought 
on  by  a  faradization  at  the  hands  of  a  practised  electro-therapeu- 
tist, and  with  a  current  which,  though  strong,  was  not  painfully 
felt  during  the  application. 

Intervals, — It  is  not  usually  of  advantage  to'push  the  treatment 
for  many  months  without  cessation,  unless  the  applications  are 
made  very  infrequently.  When  the  patient  has  been  treated 
every  other  day,  or  daily,  for  one  or  two  months,  it  is  well  to  allow 
an  interval  of  from  one  to  four  weeks  before  systematic  treatment 
is  renewed.  It  is  often  observed  that  during  these  intervals 
patients  improve  even  more  rapidly  than  before. 

The  course  of  treatment  ranges  between  one  treatment  and  one 
or  two  hundred,  and  the  length  of  time  from  one  day  to  several 
years.  The  majority  of  the  cases  in  which  localized  electrization 
has  been  found  of  service  are  chronic  in  their  character,  and  can 
only  be  permanently  relieved  by  persevering  treatment. 

The  conclusion  is,  that  there  is  necessity  for  the  continual 
exercise  of  judgment ;  that  the  strength  of  the  current,  the  length 
of  the  stances,  the  frequency  of  the  applications,  and  the  time  of 

*  The  case  is  also  an  interesting  illustration  of  the  fact  that  the  faradic  cur 
rentj  when  applied  to  the  spine,  directly  affects  the  cord. 


Recapitulation  of  Directions.  171 

the  treatment  must  be  studiously  varied  according  to  the  indica- 
tions of  each  case. 

The  general  maxims  to  be  observed  in  the  use  of  localized 
electrization  may  be  thus  recapitulated  : — 

1.  The  best  guide  in  regard  to  the  strength  of  the  current  is 
the  sensitiveness  of  the  patient  Some  patients  are  better  con- 
ductors* and  more  sensitive  than  others  who  have  equal  or  greater 
strength  of  constitution.  In  occasional  instances,  the  sensitive- 
ness of  the  patient  becomes  utterly  unreliable.  Some  patients 
are  subsequently  prostrated  by  applications  which  at  the  time 
were  scarcely  felt,  and  others  are  benefited  by  a  strength  of  cur- 
rent that  is  absolutely  unbearable  without  the  aid  of  an  anaes- 
thetic, 

2.  Regard  should  be  had  to  the  age  of  the  patient.  Of  the  two 
extremes  of  life,  the  young  bear  the  electric  currents  much  better 
than  the  old.  The  very  aged  need  to  be  treated  with  special 
caution,  while  infants  in  their  mothers'  arms  may  bear  as  strong 
peripheral  applications  as  adults.  Adipose  tissue  is  a  bad  con- 
ductor ;  and,  other  conditions  being  the  same,  corpulent  persons 
can  bear  stronger  currents  than  the  lean.  The  tolerance  of  elec- 
tricity in  infants  may  perhaps  be  partly  explained  by  this  fact 

3.  The  galvanic  current  more  powerfully  affects  the  nervous 
system  than  the  faradic.  Therefore,  other  conditions  being  the 
same,  galvanization  should  be  shorter  than  faradization. 

4.  Central  applications  should  be  milder,  shorter,  and  in  every 
way  more  cautious  than  peripheral.  In  faradization  of  muscles, 
about  a  minute  should  be  given  to  each  muscle. 

5.  The  time  of  the  sittings  ranges  between  half  a  minute  and 
ten  or  fifteen  minutes.  The  shortest  applications  are  made  to 
the  head  and  sympathetic,  the  longest  to  the  extremities.     For  the 

•  That  individuals  in  health  differ  very  widely  in  their  susceptibility  to  elec- 
tricity can  be  proved  by  a  very  familiar  experiment.  Let  a  number  of  persons 
of  equal  age  join  hands  in  an  electric  circuit,  and  it  will  be  found  that  some 
are  much  more  powerfully  affected  than  others.  The  different  conduct ibility 
of  different  individuals  may  perhaps  be  explained  by  the  difference  in  the  rela- 
tive quantity  of  saline  solutions  of  which  their  bodies  are  composed. 
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spine  and  special  organs  the  time  ranges  from  two  to  five  minutes. 
In  exceptional  cases  very  protracted  applications  are  of  service. 

6.  In  regard  to  frequency,  the  applications  may  be  made  twice 
a  day  or  once  a  week,  according  to  the  indications  and  results ; 
the  average  is  three  times  a  week. 

7.  In  protracted  cases,  intervals  of  treatment  should  be  allowed 
every  few  weeks,  unless  the  applications  are  themselves  separated 
by  a  long  interval. 

8.  The  course  of  treatment  should  usually  be  protracted,  since 
immediate  and  permanent  results  for  chronic  diseases  are  only 
accomplished  in  exceptional  cases. 

Concerning  the  prognosis  it  may  be  remarked — 

1.  In  many,  perhaps  the  majority  of  cases  that  are  amenable 
to  electri2ation,  some  slight  temporary  or  permanent  improve- 
ment will  usually  appear  early  in  the  treatment,  or  at  least  within  a 
reasonable  time  after  the  treatment  is  begun,  provided  the  current 
is  localized  in  the  proper  place.  Even  if  the  special  disease  or  symp- 
tom of  disease  is  not  relieved,  there  will  be  some  incidental  evi- 
dence that  the  treatment  is  taking  hold.  This  rule  is  not  without 
very  striking  exceptions.  Some  cases  show  no  benefit  whatever 
until  after  several  weeks  of  treatment,  and  then  they  improve 
with  great  rapidity.  The  nile  is,  if  improvement  does  not  appear 
within  a  reasonable  time, — say  six  or  eight  sittings, — to  change 
the  seat  and  the  method  of  application. 

2.  Relapses  or  exacerbations  and  increase  of  evil  symptoms  do 
not  necessarily  contraindicate  treatment  They  are  indications, 
however,  for  greater  caution,  milder,  shorter,  and  less  frequent 
applications  ;  perhaps  for  a  change  of  currents  from  galvanic  to 
faradic,  or  the  reverse  ;  or  for  a  different  method  of  application. 

3.  The  prognosis  much  depends  on  the  age  of  the  patient. 
Other  conditions  being  the  same,  whatever  the  disease  may  be,  it 
is  less  favorable  with  the  extremely  old  or  extremely  young. 

Galvanization  of  the  central  nervous  system  of  very  young  chil- 
dren should  be  undertaken  \^'ith  caution.  It  should  be  considered 
that  young  children  may  suffer  unpleasant  symptoms  from  pro- 
longed electrization  which  they  are  unable  to  express. 

Prolonged  galvanization  of  the  upper  or  lower  extremities  of 
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paralyzed  infants,  though  very  painful,  and  provocative  of  tears, 
does  not  seem  to  have  even  any  temporarily  injurious  effect. 

4.  Electrization  is  contraindicated  in  those  cases  where  posi- 
tive injury  persistently  results  from  the  cautious  and  wary  use  of 
short  and  mild  applications. 

The  cases  in  which  it  is  most  likely  to  injure  are  active 
and  severe  congestions,  inflammation  or  actual  softening  of  the 
brain  and  spinal  cord,  and  the  most  acute  stages  of  peripheral 
inflammation,  as  well  as  in  some  conditions  of  extreme  hyper- 
aesthesia.  Each  case  must  be  studied  by  itself  experimentally, 
since  with  our  present  ignorance  of  pathology  and  the  laws  of 
disease  we  are  oftentimes  unable  to  judge,  on  simple  h  priori 
grounds,  whether  electrization  is  or  is  not  contraindicated. 

As  a  general  rule,  sp>ecial  caution  should  be  exercised  with 
those  who  do  not  well  bear  ordinary  stimulants  and  tonics. 


CHAPTER   VI. 

DETAILS    OF  APPLICATIONS   OF   LOCALIZED   ELECTRI- 

ZA  TIOH. 

It  is  necessary  to  bear  in  mind  at  the  outset,  that  to  produce 
powerful  electrolytic  effects  on  the  brain,  spinal  cord,  and  sympa- 
thetic, the  galvanic  current  is  preferable  to  the  faradia 

Galvanisation  of  the  Head, — The  head  may  be  electrized  in  a 
variety  of  ways,  according  to  the  supposed  seat  of  the  disease. 
One  pole  may  be  placed  on  the  forehead  and  the  other  on  the  oc- 
ciput ;  or'  both  poles  may  be  placed  over  the  ears,  or  on  the 
mastoid  processes.  Another  method  which  we  frequently  adopt 
is  to  place  the  positive  pole  on  the  summit,  over  the  supposed  or- 
gan of  firmness,  and  the  other  at  the  occiput 

To  affect  the  base  of  the  brain,  the  electrodes  may  be  placed 
on  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
the  brain,  one  electrode  may  be  placed  on  the  forehead,  over  the 
eye,  and  the  other  on  the  mastoid  process  of  the  same  side.  The 
l)atient  may  hold  one  of  the  poles  in  the  hand. 

Still  another  method  is  to  place  an  electrode  on  each  temple. 

I^ess  dizziness  is  caused  if  the  current  is  opened  and  closed 
with  the  positive  than  with  the  negative  pole.  It  is  well,  there- 
fore, to  first  apply  the  negative  pole. 

Less  dizziness  is  caused  when  the  current  flows  through  one 
side  of  the  head,  or  from  the  forehead  to  the  occiput,  than  when 
it  is  sent  from  one  side  to  the  other,  through  the  mastoid  pro- 
cesses. 

With  regard  to  the  direction  of  the  current,  it  is  usually  better 
to  place  the  negative  iK)le  nearest  the  neck,  and  the  positive  pole 
nearest  the  forehead.  But  this  rule  is  liable  to  many  exceptions, 
and  each  case  must  be  studied  by  itself.* 

•  Se«  remarks  on  direction  of  the  current,  p.  165. 
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Electrization  of  the  head  produces  flashes  of  light  through  irri- 
tation of  retina,  and  dizziness,  which  with  many  is  disagreeable. 
If  the  application  is  too  long  continued,  headache  and  insomnia, 
and  general  malaise,  may  result.  Patients  whom  a  short  applica- 
tion through  the  head  benefits  are  sometimes  injured  when  the  stance 
is  protracted-  Congestion,  convulsion,  and  hemorrhage  have  arisen 
from  a  disregard  of  this  rule.  Galvanization  of  the  head  should 
be  made  with  broad  electrodes,  with  a  stable  current,  which  may 
be  either  uniform  or  increasing,  and  should  not  exceed  oae-half  a 
minute  or  three-quarters  of  a  minute,  and  with  but  from  five  to 
ten  elements. 

Galvanization  of  ihe  Sympathetic. — The  portion  of  the  sympa- 
thetic to  which  galvanization  is  chiefly  directed  for  therapeutical 
purposes  is  the  cervical,  although  the  cephalic,  thoracic,  and  ab- 
dominal ganglia  are  unquestionably  affected  by  it,  though  not 
with  so  specific,  demonstrable,  and  immediate  results. 

There  are  a  number  of  methods  by  which  the  superior,  middle, 
and  inferior  cervical  ganglia  may  be  demonstrably  affected  by  the 
galvanic  current 


Fig.  4a 
Uilvuuiation  of  the  cervical  Sympatbelic 


1 76      Detaiis  ef  Applications  of  Locaihtd  EUctritoHen. 

I.  One  electrode  with  an  oblong  extremity  is  placed  in  the 
auriculo-maxitlary  fossa,  while  the  other  with  a  lai^er  surface  is 
applied  over,  or  by  the  side  of  the  sixth  and  seventh  cervical  ver- 
tebne. 

The  second  electrode  may  also  be  applied  at  any  point  along 
the  spine,  from  the  occiput  (o  the  coccyx.  It  is  by  this  method 
that  diplegic  contractions  are  usually  produced  with  most  success. 

3.  The  first  electrode  being  placed  as  before,  in  the  auHculo- 
maxilla^  fossa,  the  other,  with  a  surface  of  moderate  diameter,  is 
applied  just  above  the  manubrium  stemi,  by  the  side  of  the 
stemo-cleido -mastoid  muscle. 


Fic.  41, 
(lxlv3iiiz;ttion  of  the  cervical  Sympalhetic,  including  the  Pneumogastric. 

The  second  electrode  may  also  be  applied  higher  up  in  the 
neck,  opposite  the  middle  cervical  ganglion. 

These  are  the  two  methods  which  have  been  most  frequently 
employed. 

3.  The  first  electrode  being  placed  as  before,  the  other  may 
be  applied  on  the  shoukler,  elbow,  or  in  the  hand  of  the  opposite 
side. 
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4.  Both  sides  may  be  galvanized  simultaneously,  by  placing  an 
electrode  over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  stemi, 
and  the  other  at  any  point  down  the  spine. 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical 
vertebrae,  and  the  other  over  the  brachial  plexus,  at  the  pit  of  the 
stomach,  just  above  the  manubrium  stemi,  in  either  hand,  or  at 
the  feet. 

In  all  these  methods  either  direction  of  the  current  may  be 
used. 

Concerning  galvanization  of  the  sympathetic,  theory  and  expe- 
rience seem  to  show  pretty  clearly — 

First,  It  is  difficult  or  impossible  to  pass  the  galvanic*  current 
through  the  head,  neck,  and  spine,  without  affecting  more  or  less 
some  of  the  ganglia  of  the  sympathetic. 

Secondly.  Exclusive  localization  of  the  current  in  any  of  the 
ganglia  of  the  sympathetic  is  impossible,  since  it  is  physically  im- 
possible to  place  the  electrodes  in  such  a  position  that  other 
tissues  will  not  be  directly  affected  Thus  in  the  first  method  the 
current  affects  the  spinal  cord,  in  the  second  method  the  pneu- 
mogastric.  The  other  methods  afifect  the  sympathetic  still  less 
exclusively. 

Applications  to  the  sympathetic  should  be  made  from  one  to 
five  minutes,  and  with  from  ten  to  thirty  cells.  Several  methods 
may  be  tried  at  a  single  sitting  in  cases  where  the  applications  are 
well  borne.  In  order  to  produce  diplegic  contractions  strong  cur- 
rents are  sometimes  necessary. 

Galvanization  of  the  Spine, — ^The  spine  may  be  electrized  by 
placing  one  electrode  at  the  occiput,  and  the  other  at  the  coccyx. 
Both  the  ascending  and  descending  currents  may  be  employed. 
The  rule  that  has  been  given  is,  to  apply  the  positive  pole  over 
the  tender  vertebrae  or  spot  where  the  disease  is  supposed  to  be 
located,  and  the  negative  at  some  point  above  or  below,  f     In 

*  The  same  is  probably  true  to  a  less  degree  of  the  faradic  current.  See 
chapter  on  Sympathetic 

f  MM.  Legros  and  Onimus  {Journal de  V Anatomic  et  de  la  1  hysiologii 

8* 
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localized  electrization  of  the  spine,  of  the  brain,  and  the  s)rmpa- 
thetic,  the  galvanic  current  is  found  more  efficacious  than  the 
faradic,  but  the  latter  is  frequently  of  great  service,  and  can  be 
used  for  a  longer  time. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that 
may  be  required,  by  giving  the  electrodes  the  proper  position. 
The  spinal-cord  current  and  spinal-cord  root  current,  spinal-cord- 
plexus  current,  spinal-cord-nerve  current,  spinal-cord-muscle  cur- 
rent, of  Benedikt,  are  all  indicated  in  different  conditions  (§ee 
p.  181).  The  currents  may  be  stable  or  labile — usually  the  for- 
mer, since  in  pathological  cases  injury  sometimes  results  from 
the  use  of  strong  labile  galvanic  currents  on  the  spine.  The 
applications  may  be  made  with  twenty  cells  and  upwards,  and 
should  not  usually  exceed  five  minutes.  The  applications  should 
be  sensitively  felt,  but  should  not  be  excessively  painful. 

Electrization  of  Plexuses^  Nerves^  and  Muscles, — Plexuses, 
nerves,  and  muscles  are  treated  by  both  currents  (see  chapter  on 
differential  indications  for  the  use  of  the  galvanic  and  faradic  cur- 
rents). 

When  the  faradic  current  is  used,  applications  to  the  plexuses, 
nerves,  and  muscles  are  entirely  peripheral.  One  electrode  may 
be  applied  to  a  plexus  and  the  other  to  one  of  its  branches,  or  to 
a  muscle  or  group  of  muscles.  Both  electrodes  may  be  applied 
to  the  nerve,  or  one  to  the  nerve  and  the  other  to  a  muscle ;  or 
both  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these 
applications  may  be  made  either  with  or  without  regard  to  the 
direction  of  the  current,  and  different  methods  may  be  tried  at 
the  same  s6ance. 


de  rHomme  et  des  Animaux,  No.  Janvier  et  F6vrier,  1870,  p.  18)  assign  the 
general  law,  that  **  l%€  ascending  current  excites  the  spinal  cord  and  increases 
the  reflex  actions,  while  the  descending  current  prevents  reflex  actions." 
This  proposition  they  support  by  a  number  of  physiological  and  therapeutical 
experiments.  The  therapeutic  results  which  they  obtained  by  the  descending 
current,  though  suggestive  and  striking,  are  yet  no  more  so  than  those  which  have 
been  obtained  by  the  ascending  current.  On  the  general  subject  of  the  direc- 
tion of  the  current,  we  refer  to  our  remarks  on  page  165. 
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Fig.  43. 
Muscular  Karadizaiion  with  mcliUlic  cleclrodcs  (Puflienne). 
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In  all  the  positions  described  in  the  above  cuts,  contractions 
should  be  produced  with  mild  faradic  currents,  when  the  electrodes 
are  in  the  position  represented.  If  very  strong  currents  are  ne- 
cessary or  no  contractions  are  possible,  the  muscles  are  in  a  con- 
dition of  disease. 

Peripheral  applications  are  indicated  where  the  disease  is 
purely  of  a  peripheral  character ;  the  partly  central  applications 
are  indicated  where  the  disease  is  of  a  central  origin. 

In  galvanization  the  applications  may  be  given  either  periphe- 
rally, or,  like  faradization,  centrally ;  or  in  such  a  way  as  to  in- 
clude some  portion  of  the  central  nervous  system.  In  the  latter 
method,  one  pole  is  placed  on  some  portion  of  the  spine,  and  the 
other  on  some  nerve-plexus,  nerve,  or  muscle. 

In  the  use  of  the  spinal-cord,  plexus,  and  nerve  currents  to  the 
lower  extremities,  it  is  an  advantage  to  include  as  much  as  pos- 
sible of  the  cord  in  the  current.  It  is  found  that  stronger  effects 
are  produced  in  these  applications  when  one  pole  is  placed  on 
the  cervical  than  on  the  dorsal  or  lumbar  vertebrae. 

Labile  interrupted  applications  are  indicated  where  it  is  desired 
to  produce  mechanical  effects  or  muscular  contractions,  as  in 
anaesthesia  and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired 
to  produce  chemical  or  catalytic  effects,  as  in  neuralgia. 

The  method  of  electrizing  the  eye,  ear,  nose,  larynx,  oesopha- 
gus, heart,  lungs,  stomach,  liver,  kidneys,  spleen,  intestines,  rec- 
tum, bladder,  male  and  female  organs  of  generation,  will  be  de- 
scribed in  the  chapters  devoted  to  diseases  of  these  organs. 

The  method  of  electrizing  individual  nerves  and  muscles  will 
be  described  and  illustrated  in  the  chapter  on  electro-therapeutical 
anatomy. 

Benedikt  *  makes  the  following  subdivisions  of  the  methods  of 
galvanization  : — 

Spinal-cord  current:  both  poles  are  placed  on  the  spine,  either 
near  together,  or  at  some  distance  from  each  other. 

Spinal-cord-root  current :  one  pole  is  placed  on  the  spine,  and 
the  other  is  passed  up  and  down  by  the  sides  of  the  vertebne. 

♦  Op.  cit.,  p.  56. 
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Spinal-eord-plexus  current:  one  pole  is  placed  on  the  spine,    i 
and  the  other  on  a  ple> 


FitJ.  46. 
Spinul-cOT  J -brachial  pleius  ciurenl. 

<e  current:  one  pole  is  placed  on  the  spine  and 


Spuul-cord-medion  nerve  ci 
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Spinal-cord-muscle  current:  one  pole  is  placed  on  the  spine 
and  the  other  on  a  muscle. 

Plexus-nerve  current :  one  pole  is  placed  on  a  plexus  of  nerves 
and  the  other  on  a  nerve. 

Nerve-muscle  current:  one  pole  is  placed  on  a  nerve  and  the 
other  on  a  muscle. 

In  localized  electrization  these  currents  may  be  either  stable  or 
labile^  continuous  or  interrupted^  uniform  or  increctsing. 


CHAPTER  VII 
EFFECTS  OF  LOCALIZED  ELECTRIZATION. 

Localized  electiization  has  to  a  limited  extent  the  same  direct 
effect  on  the  part  to  which  the  application  is  mad^  that  general 
''lectrization  has  on  the  whole  body.  It  acts  as  a  locally  stimu- 
lating tonic. 

The  special  effects  of  localized,  unlike  those  of  g-^neral  electri- 
zation, cannot  be  broadly  stated  or  classified,  i^t  the  obvious 
reason  that  they  must  so  largely  depend  on  the  locality  to  which 
the  application  is  made. 

Applications  to  the  central  nervous  system  are  sometimes  fol- 
lowed by  mild  and  limited  degrees  of  the  primary,  secondary,  and 
permanent  effects  that  result  from  general  electrization ;  but  the 
cases  where  the  full  order  of  these  effects  is  so  marked  and  de- 
cided as  to  be  observed  are  comparatively  unfrequent. 

Applications  to  the  brain  and  sympathetic  system  may  be  pri- 
marily followed  by  relief  of  pain,  slight  exhilaration,  a  feeling  of 
warmth  or  somnolence ;  secondarily  by  fatigue,  headache,  or  sore- 
ness of  the  muscles,  or  exacerbation  of  the  morbid  symptoms ; 
and  permanently  by  improvement  in  sleep,  strength,  and  capacity 
for  labor. 

But  this  order  of  effects  from  localized  electrization  is  excep- 
tional, even  from  applications  made  to  the  head.  More  frequently 
the  permanent  effects  are  experienced  without  the  primary,  or 
perhaps  both  the  permanent  and  secondary,  and  sometimes  only 
the  latter. 

Yet  none  of  these  constitutional  effects,  in  whatever  order  they 
may  occur,  are  experienced  to  the  extent  that  is  derived  from 
general  electrization. 

The  agreeable  symptoms  which  are  most  frequently  observed 
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after  localized  applications  to  the  nerve-centres  are  disposition 
to  sleep,  relief  of  headache  or  other  pain,  and  occasionally  slight 
exhilaration.  Among  the  disagreeable  s3rmptoms  are  dizziness, 
heaviness,  oppression,  headache,  soreness  in  the  back  of  neck,  ex- 
haustion, and  indefinable  nervousness. 

These  disagreeable  symptoms  are  most  likely  to  result  from 
applications  that  have  been  either  too  severe  or  too  protracted  for 
the  condition  of  the  patient ;  and  yet  they  should  by  no  means 
excite  alarm,  since  they  often  accompany  the  most  successful 
results.  These  unpleasant  symptoms  are  more  likely  to  follow 
the  use  of  the  galvanic  current  than  the  faradic,  especially  when 
the  applications  are  protracted.  The  opinion  that  has  been  ex- 
pressed by  certain  writers,  that  the  head  is  more  likely  to  be  un- 
pleasantly affected  by  the  faradic  than  the  galvanic  current,  is  not 
sustained  by  experience.  The  phenomena  of  dizziness,  heaviness, 
etc.,  frequently  experienced  after  even  a  very  short  application  to 
the  head,  are  but  rarely  observed  when  the  faradic  current  (A  B, 
for  instance,  of  Kidder's  apparatus)  is  employed,  with  a  large  soft 
sponge,  or  the  hand  of  the  operator. 

Applications  of  localized  electrization  to  individual  muscles  or 
groups  of  muscles  rarely  give  rise  to  any  constitutional  symptoms 
whatever,  unless  the  electrodes  are  placed  on  or  near  the  head. 

A  primary  effect  of  electrization  of  a  muscle  or  group  of  muscles 
is  increase  of  temperature*     (See  p.  77,  Electro-physiology.) 

Sometimes  the  beneficial  results  of  electrization  of  paralyzed 
muscles  follow  immediately  after  the  application.  The  patient  is 
conscious  of  an  ability  to  use  these  muscles  with  greater  ease  and 
freedom.  This  improvement  may  be  merely  temporary,  or,  as  is 
more  frequently  the  case,  partial  relapses  occur,  leaving  a  certain 
•  amount  of  permanent  benefit. 

Immediate  relief  of  neuralgic  pain  (hyperaesthesia),  and  of  the 
reverse  condition,  ancxsthesia,  may  follow  localized  as  well  as 
general  electrization.  The  temporary  relief  of  the  neuralgia  may 
be  complete,  while  that  of  anaesthesia  is  usually  only  partial  and 
limited.  In  both  conditions  the  evil  symptoms  may  recur,  or  a 
certain  amount  of  permanent  benefit  may  remain. 

The  effects  of  ap[)lications  of  localized  electrization  to  special 
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organs,  as  the  eye,  ear,  larynx,  stomach,  liver,  intestines,  uterus, 
ovaries,  bladder,  etc.,  will  be  described  in  the  chapters  devoted  to 
the  treatment  of  the  diseases  of  these  organs. 

Finally,  it  should  be  considered  that  exclusive  and  absolute  local- 
ization of  the  effects  of  electrization  is  impossible.  The  effects  of 
both  currents,  but  especially  of  the  galvanic,  extend,  either  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit  This  is  demon- 
strated, not  only  by  physiological  experiments,  but  by  the  ob- 
served facts  of  clinical  experience.  Thus  it  is  observed,  in  some 
irritable  conditions,  that  galvanization  of  the  spine,  and  even  of 
the  extremities,  causes  a  metallic  taste ;  that  galvanization  even 
of  the  hands  or  feet  sometimes  hastens  or  increases  the  menstrual 
discharge,  relieves  headache,  and  produces  sleep.  The  same 
effects  to  a  less  degree  are  sometimes  observed  from  faradization. 


CHAPTER  VIII. 

GENERAL  ELECTRIZATION^MODUS  OPERANDI. 

The  object  proposed  in  general  electrization  is  to  bring  every 
portion  of  the  body  under  the  influence  of  the  electric  current^  so 
far  as  is  possible^  by  external  applications.  This  is  best  accom- 
plished by  placing  one  pole  {usually  the  negative)  at  the  feet  or  the 
coccyx^  while  the  other  is  applied  all  over  the  surface  of  the  body. 

For  this  purpose  either  the  faradic  or  galvanic  current  may  be 
used,  the  faradic,  however,  is  the  current  which  is  ahnost  ex- 
clusively employed  in  general  electrization,  and,  for  that  rea- 
son, the  directions  and  explanations  given  in  this  section,  with 
the  exceptions  that  will  be  noted,  apply  mainly  and  specially  to 
general  faradization. 

In  the  majority  of  cases  it  is  more  convenient  and  satisfactory 
to  have  a  sheet  of  copper  at  the  feet.  This  position  is  indeed 
the  rule  in  general  electrization.  The  broad,  callous  soles  of  the 
feet  are  but  slightly  sensitive,  and  will  bear  a  stronger  current 
than  any  other  portion  of  the  surface  of  the  body.  But  the  passage 
of  electricity  through  the  ankles  causes  vigorous  contractions  of 
the  flexors  and  extensors,  which,  when  the  current  is  very  strong, 
may  be  somewhat  painful.  Accordingly,  when  the  patient  is  pecu- 
liarly nervous  and  sensitive,  or  when  a  current  of  unusual  strength 
is  to  be  employed,  and  in  all  cases  where  a  stronger  application  is 
desired  than  can  be  borne  through  the  ankles,  or  when  it  is  desired 
to  save  time  or  inconvenience,  it  is  advisable  to  have  the  patient 
sit  on  the  plate,  or  a  sponge  electrode  with  a  broad  surface  may 
be  applied  to  the  coccyx.  The  negative  pole  is  placed  at  the 
feet  or  coccyx  instead  of  the  positive,  because  the  descending 
current  through  the  body  is  found  by  experience  to  be  more 
agreeable  and  efficacious  than  the  ascending.      In  this  position 
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of  the  poles  the  current,  though  descending  for  the  trunk  and 
lower  limbs,  is  ascending  for  the  upper  extremities. 

The  lessons  of  experience  concerning  the  position  of  the  poles 
in  general  electrization  are  confirmed  and  explained  in  an  inter- 
esting manner  by  the  known  phenomena  of  electrotonos,  and  by 
the  results  of  experiments  on  the  direction  of  the  current. 

1.  It  was  stated  in  the  section  on  Electro-Physiology  (page  53) 
that  the  anelectrotonic  portion  of  the  nerve  or  muscle — that  is,  the 
portion  near  the  positive  pole — was  in  a  condition  of  lowered  irrita- 
bility, while  the  catelectrotonic  portion — that  is,  the  part  near  the 
negative  pole — was  in  a  condition  of  increased  irritability.  Inas- 
much as  a  large  proportion  of  the  diseases  for  which  general  electri- 
zation is  indicated  are  associated  with  a  condition  of  heightened 
irritability,  and  therefore  demand  a  calming  influence,  the  applica- 
tions should  be  made  with  the  positive  pole.  When,  on  the  other 
hand,  in  the  operations  of  general  electrization,  it  is  desired  to  pro- 
duce contractions  in  paralyzed  muscles,  the  current  should  be 
reversed  by  means  of  the  current  reversor,  or  by  shifting  the  con- 
nection or  the  electrodes,  so  that  we  may  obtain  the  increased 
irritability  of  the  negative  pole  directly  on  the  muscles.  Thus  it 
often  happens  in  the  treatment  of  the  various  forms  of  paralysis 
associated  with  general  debility,  that  the  positive  pole  may  be  ap- 
pied  over  the  head  and  trunk,  and  the  negative  over  the  para- 
lyzed limb. 

2.  The  descending  current  diminishes  the  excitability  of  the 
nerves,  while  the  ascending  increases  it.  When  the  negative 
pole  is  at  the  feet,  and  the  positive  is  applied  over  the  body,  the 
current  is  descending  for  all  portions  of  the  body  except  the  upper 
extremities.  In  the  brain  it  is  ascending  with  reference  to  the 
sympathetic  centres,  as  Legros  and  Onimus  suggest,*  but  this 
partial  disadvantage,  if  it  really  exists,  is  counterbalanced  by 
the  fact,  demonstrated  by  the  same  observers,  that  the  ascend- 
ing current  contracts  the  blood-vessels,  and  thus  diminishes  the 
volume  of  blood  in  the  brain. 

By  thus  indicating  the  apparent  accordance  between  the  results 
of  physiological  experiments  and  clinical  experience  we  do  not 

♦Op.cit.,  p.  35. 
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wish  to  give  the  impression  that  the  method  of  application  here 
advised  was  suggested  by,  or  is  in  any  sense  an  outgrowth  of 
electro-physiology.  It  was  first  established  by  very  extended 
clinical  experience,  in  a  large  variety  of  cases'  of  disease,  that  in 
order  to  gain  the  full  therapeutical  results  of  general  faradization 
with  the  least  unpleasant  effects,  it  was  better  that  the  descend- 
ing current  should  be  employed.  Still  further,  the  above-men- 
tioned phenomena  of  electrotonos  were  only  demonstrated  for 
the  galvanic  current,  whereas  in  general  electrization  the  faradic 
current  is  used  more  than  the  galvanic. 

Since  electro-physiology  and  physiological  chemistry  are  now, 
and  for  an  indefinite  period  must  continue  to  be,  incomplete  and 
progressive  sciences — since,  as  it  must  be  fairly  admitted,  physiolo- 
gy, like  Saturn,  is  continually  swallowing  its  own  children,  we  are 
compelled  for  the  present,  in  therapeutics  at  least,  to  subscribe 
to  the  dictum  of  one  of  the  most  distinguished  of  living  physiolo- 
gists, that  all  experiments  must  yield  to  experience.* 

Reasoning  from  the  recognized  principles  of  electro-physiology, 
as  well  as  from  experience,  there  would  appear  to  be  a  positive 
advantage,  in  treating  conditions  of  debility  and  irritability,  to  have 
the  electrodes  separated  by  as  wide  an  ititenfal  as  possible,  especial- 
ly in  applications  to  head  and  trunk.  The  greater  the  distance 
between  the  poles,  the  longer  must  be  the  anelectrotonic  (or  di- 
minished irritability)  region. 

Still  further,  according  to  Legros  and  Onimus,f  the  direction 
of  the  current,  independent  of  the  polar  action,  is  more  marked 
when  a  considerable  distance  intervenes  between  the  poles. 

Experience  certainly  declares  in  favor  of  a  long  intra-polar 
region  in  treating  conditions  of  abnormal  irritability.  It  is  partly 
for  this  reason  that  localized  electrization,  even  when  applied 
successively  over  the  surface  of  the  body,  can  never  be  made  a 
full  and  satisfactory  substitute  for  general  electrization. 

*■  See  also  an  eloquent  enforcement  of  this  same  view»  with  special  reference 
to  electro-therapeutics,  in  Prof.  Nicmeyer*s  Practice  of  Medicine,  Hackley's 
and  Humphrey's  Translation,  vol.  ii.  p.  29a  Also,  in  preface  to  Bcnedikt's 
Electrotherapie. 

t  Op.  cit.,  p.  82. 
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In  general  electrization,  as  in  localized,  the  currents  may  be 
either  stable  (stationary),  or  labile  (moving),  continuous  or  inter- 
ruptedy  uniform  or  increasing. 

Increasing  currents  are  adapted  for  certain  important  cen- 
tres, as  the  head,  spine,  cervical  sympathetic,  and  cilio- spinal 
and  epigastric  regions.  The  advantage  of  this  method  of  appli- 
cation is  that  it  allows  the  use  of  a  stronger  current  than  will 
otherwise  be  borne ;  the  strength  of  the  current  may  be  so  very 
gradually  increased  that  the  increase  within  certain  limits  may  be 
almost  imperceptible  to  the  patient.  This  arises  partly  from  the 
fact  that  the  current  has  a  slight  benumbing  effect,  and  partly  from 
the  fact  that  by  a  gradual  increase  of  the  strength  of  the  current 
the  patient  is  spared  the  shock  that  is  experienced  when  a  strong 
current  is  suddenly  directed  through  sensitive  portions  of  the  body. 
This  advantage  is  especially  noticed  in  applications  to  the  head. 

Labile — interrupted  currents,  are  adapted  for  the  muscles,  espe- 
cially of  the  extremities. 

General  electrization  is  very  far  from  being  so  easy  a  process  as 
it  might  appear  from  this  brief  description.  Its  successful  em- 
ployment requires,  on  the  part  of  the  operator,  some  mechanical 
dexterity,  entire  familiarity  with  the  instruments  required,  a  com- 
plete knowledge  of  electro-therapeutical  anatomy  ;  a  personal  ac- 
quaintance with  the  sensations  and  behavior  of  all  portions  of  the 
body  under  the  different  electric  currents  :  close  and  patient  study 
of  the  diseases  and  morbid  conditions  in  which  it  is  indicated, 
and  of  their  response  to  electrization.  There  are  those  who  by 
long  practice  aie  enabled,  when  necessary,  to  readily  manipulate 
any  portion  of  the  body  with  either  hand,  while  there  is  passing 
through  them  a  current  so  powerful  as  to  keep  many  of  the 
principal  muscles  of  the  arms  in  a  state  of  contraction.  This 
qualification,  however,  though  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  electri- 
zation requires  simply  self-control  that  does  not  flinch  under  a 
mild  sensation  of  discomfort,  and  something  of  the  same  patience 
and  perseverance  that  are  conceded  to  be  necessary  for  success  in 
the  use  of  any  other  form  of  tonic  treatment  Rarely  or  never  is 
a  patient  found  who  cannot  bear  the  application  when  f)roperly 
administered. 
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Nothing  is  more  difficult  than  to  fully  and  accurately  describe 
in  words  an  operation  that  in  its  very  nature  demands  actual 
sight  and  experience.  The  true  method  of  learning  the  art  of 
general  electrization  is  by  repeated  observations  of  its  application 
to  the  living  subject,  by  personal  experience  of  its  sensations  and 
results  at  the  hands  of  practised  adepts,  and  by  long  and  various 
experimenting  on  diverse  temperaments,  and  in  opposite  states  of 
disease.  We  shall  endeavor,  however,  to  present  the  best  possi- 
ble substitute  for  a  course  of  private  lessons  or  extended  clinical 
observation  in  this  department,  by  answering  in  detail  the  practi- 
cal (juestions  that  naturally  present  themselves  to  one  who  ap- 
proaches the  subject  ab  initio^  and  who  has  no  opportunity  for 
personal  interviews  witli  those  to  whom  the  various  steps  of  the 
operation  have  become  already  familiar. 

I.  Preparation  of  the  Patient, — General  electrization  requires 
free  access  to  every  part  of  the  surface  of  the  body.  If  proper 
pains  be  taken  this  can  be  done  without  causing  any  unpleasant 
exposure.  Male  patients  should  at  first  remove  the  stockings, 
unless  it  is  preferred  to  sit  on  the  copper  plate,  or  to  have  a  large 
sponge  electrode  at  the  coccyx,  and  all  the  clotliing  of  the 
trunk,  including  the  under-wrapper.  If  the  room  be  cool,  or  if 
the  patient  be  particularly  sensitive,  it  is  well  to  protect  the  shoul- 
ders with  a  shawl  or  wrapper.  After  the  application  has  been 
made  all  over  the  head,  trunk,  and  upper  extremities,  the  patient 
may  put  on  his  underclothing,  throw  a  shawl  or  wrapper  over  his 
shoulders,  and  should  put  himself  in  readiness  for  an  application 
to  the  lower  limbs  by  removing  his  pants  and  drawers. 

With  female  patients  such  exposure  is,  of  course,  not  required. 
It  is  necessary  for  them  to  remove  only  the  stockings,  the  dress, 
and  the  corsets  and  the  drawers.  All  the  underclothing  of  the 
trunk  may  be  retained,  but  it  should  be  loosened  in  such  a  way 
that,  without  unpleasant  exposure,  free  access  may  be  had  from 
beneath  to  all  parts  of  the  surface  of  the  body.  The  shoulders 
should  be  covered  by  a  shawl  or  wrapper,  or  loose  morning  dress. 

When  female  patients  prepare  themselves  in  this  way,  they  can 
be  treated  by  general  electrization  as  thoroughly  and  as  success- 
fully as  males,  if  only  proper  tact,  delicacy,  and  patience  are 
exercised  by  the  operator. 


Fro.  48. 

CiENERAi.  Fahhiiiation — !i|)pUca:ioii  to  (he  heail  by  Ihe  hand  of  the 
operator.  (In  this  aii  in  bU  of  the  cuts  of  general  elect rizal kin,  for  convenience 
of  illustration  the  patient  is  represcnlcil  «'ilhoiit  miv  covering.  In  the  majority 
of  cases  ihey  ire  protected  by  a.  shawl  or  wrapjier,  and  frequently  Ihe  unJer- 
clothing  is  not  removed.) 

2,  Position  of  Ihe  Patient. — The  patient  should  be  seated  on  an 
ordinary  stool,  with  his  face  toward  the  instrument,  and  his  feet 
on  the  sheet  of  copper  to  which  the  negative  pole  is  attached. 
Any  chair  that  has  a  baclt  or  amis  will  interfere  with  the  manipu- 
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lations  of  the  operator,  and  should  only  be  allowed  to  those  who 
are  so  feeble  that  they  cannot  sit  up  unsupported. 

Those  patients  who,  through  paralysis  or  debility,  are  unable 
to  sit  up  at  all,  can  receive  the  treatment  while  lying  in  bed  or  on 
a  lounge.  In  such  cases  the  sheet  of  copper  may  be  placed 
upright  against  a  pillow  and  the  feet  of  the  patient  pressed  against 
it,  or  an  electrode  may  be  placed  at  the  coccyx.  Assistance 
will  then  be  required  to  turn  the  patient  when  the  application  is 
made  to  the  back  and  spine,  but  in  such  cases  partial  applications 
are  frequently  all  that  is  required. 

Infants  and  very  feeble  or  very  timid  children  should  be  held  in 
the  lap  of  the  mother  or  nurse,  while  an  assistant  holds  the  sponge 
to  the  coccyx. 

While  the  application  is  being  made  to  the  lower  limbs  it  is 
well  for  the  patient  to  stand,  in  order  that  the  operator  may 
have  access  to  the  gluteal  regions  and  the  posterior  and  anterior 
surface  of  the  thigh. 

Position  of  the  Operator, — While  making  applications  to  the 
trunk,  the  operator  may  either  stand  or  sit  by  the  side  of  the  pa- 
tient, conveniently  near  to  the  table,  on  which  are  placed  the 
apparatus,  electrodes,  sponges,  bowl  of  water,  and  other  appli- 
ances that  maybe  called  for  during  the  application.  It  is  impor- 
tant for  him  to  be  so  near  to  the  instrument  and  the  bowl  of  water 
that,  without  changing  his  position,  he  can  instantaneously  modify 
the  current  to  any  strength  that  he  may  desire.  As  it  is  neces- 
sary to  moisten  the  hand  very  frequently  during  the  applications 
that  are  made  through  the  operator's  own  person,  pains  should  be 
taken  to  have  the  bowl  of  water  also  within  convenient  reaching 
distance. 

While  operating  on  patients  taller  than  himself  the  operator 
will  find  it  easier  to  stand,  especially  while  treating  the  head  and 
upper  portion  of  the  trunk.  While  treating  short  patients 
the  operator  will  find  it  less  fatiguing  to  sit  in  a  chair.  Most 
operators  will  find  it  very  convenient  to  change  their  position  from 
a  sitting  to  a  standing  posture,  or  from  one  side  of  the  pa- 
tient to  the  other,  while  making  the  applications  to  the  various 
parts  of  the  trunk. 

9 


Gfittral  Elecfrisalion — Modus  Operandi. 


Some  accustom  themselves  to  making  the  appli 
vith  one  hand  ;  others  use  both  hands  *vith  ef^ual 


Fic.  49. 
General   Faraoieation — application   lo  Ihe  spine.     The  hand  of  the 
□pcmtor  is  on  the  melalHc  tube,  in  a  position  to  increase  or   dimiaish  the 
current  as  may  be  needed,  ^ 

In  making  applications  to  the  lower  limbs,  while  the  patient  is 
standing,  it  is  well  for  the  operator  to  sit  on  a  very  low  stool  or 


Kind  of  Current  to  be  Employed  in  General  Ekctrizalion. — In 
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general  electrization  both  currents  can  be  employed  either  sepa- 
rately or  simultaneously,  in  the  form  of  galvano-faradization. 

As  a  matter  of  experience,  very  many  of  our  best  results  in 
general  electrization  have  been  obtained  with  the  faradic  current 
alone.  And  yet  we  continually  used  the  galvanic  current  in  the 
form  of  general  electrization,  and,  so  far  as  we  know,  were  the  first 
to  employ  this  method  of  treatment.  In  some  of  our  cases  we  em- 
ploy the  faradic  current  one  week  and  the  galvanic  the  next. 
Sometimes  we  alternate  the  two  currents,  or  use  them  in  suc- 
cession at  the  same  sitting.  For  reasons  which  will  be  obvious 
on  a  consideration  of  the  differential  indications  for  the  use  of 
general  and  localized  electrization  and  the  difference  in  the  effect 
of  the  two  currents,  the  purposes  of  general  electrization  are 
usually  better  met  by  the  faradic  than  the  galvanic  currents. 

Minor  Apparatus — Electrodes,  sponges,  copper  plate,  and  bowl 
of  water. 

The  minor  appendages  that  are  necessary  for  the  application  of 
general  electrization  are  very  few  and  can  be  easily  described. 
The  best  electrode  for  the  pole  that  is  applied  over  the  patient  is 
a  brass  ball  of  about  one  inch  in  diameter.  (This  is  represented 
in  the  cut  of  Kidder's  apparatus.) 

Nothing  seems  to  be  gained  by  making  these  brass  balls  either 
much  larger  or  much  smaller  than  the  size  here  indicated. 

Around  this  brass  ball  should  be  loosely  folded  a  soft,  wet 
sponge,  of  about  six  inches  in  diameter.  This  is  found,  by  expe- 
rience, to  be  by  far  the  most  convenient  form  of  artificial  elec- 
trode that  can  be  devised.  Next  to  the  moistened  hand  of  the 
operator  it  is  the  most  agreeable  to  the  patient  of  any  sha])e  or 
quality  of  electrode.  The  sponge  can  be  pressed  or  folded  over 
the  brass  ball  so  as  to  make  a  comparatively  small  electrode,  or 
its  entire  surface  may  be  applied. 

When  the  operator  allows  the  current  to  pass  through  his  own 
person,  and  uses  his  hand  as  an  electrode,  holding  the  sponge  and 
ball  in  his  other  hand,  he  can  modify  the  application  to  any  de- 
gree of  strength  or  mildness  that  he  may  desire,  by  simply  increas- 
ing or  diminishing  the  pressure  of  his  hand  or  fingers  on  the 
sponge.     When  it  is  necessary  that  the  application  should  be  par- 
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ticularly  gentle  and  cautious,  it  is  well  to  rest  the  ball  and  sponge 
on  the  table,  and  to  begin  the  treatment  by  first  pressing  one 
hand  firmly  over  the  part  desired  to  be  affected,  and  with  the 
other  lightly  and  delicately  touching  the  sponge,  at  first  with  one 
finger,  then  with  two,  three,  and  four  successively,  and  finally  with 
the  whole  hand,  thus  giving  a  very  gradually  increasing  current. 
In  the  majority  of  cases  in  which  general  electrization  is  em- 
ployed, the  only  artificial  electrode  needed  is  that  which  has 
been  described. 

Special  electrodes,  for  the  eye,  ear,  larynx,  uterus,  &c.,  are 
usually  required  only  in  localized  electrization. 

A  piece  of  copper  plate  is  recommended  for  the  negative  elec- 
trode, because  it  is  found  by  experience  to  be,  on  the  whole,  more 
convenient  than  any  other  arrangement  that  has  yet  been  sug- 
gested. The  bowls  of  warm  water,  large  sponges,  &c.,  that 
have  been  suggested,  are  not  only  much  less  cleanly  and 
convenient  than  the  copper  plate,  but  are  also  much  poorer 
conductors.  It  is  obvious  to  any  one  that  the  poorer  the  conduc- 
tor at  the  feet,  the  stronger  the  current  that  must  be  used  to 
overcome  its  resistance.  Metallic  slippers  are  more  troublesome 
than  the  broad  plate,  though  their  appearance,  perhaps,  is  more 
ornamental.  It  needs  more  care  to  put  on  the  slippers,  and  if  the 
patient  loses  his  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  is  something  of  a  task  to  find  the  slip- 
pers again  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  three  details  must  not  be 
forgotten  :  Firsts  to  keep  it  well  warmed  by  a  piece  of  heated 
soap-stone ;  secondly,  to  keep  it  slightly  moistened  with  warm 
water  in  order  to  improve  the  connection ;  and,  thirdly^  to  have 
both  of  the  feet  applied  to  its  surface. 

If  only  one  foot  is  applied  to  the  copper  plate  the  pain  in  the 
ankle,  during  certain  stages  of  the  application,  will  be  unendura- 
ble. It  is  necessary  ever  to  bear  in  mind  the  rule,  that  the  pain 
of  electrical  applications,  other  conditions  being  equal,  is  in  in- 
verse proportion  to  the  surface  of  the  electrode.  The  larger  the 
surface  of  the  electrode — whether  positive  or  negative — the  less  the 
pain.    In  this  fact  consists  the  advantage  of  using  large  sponges. 
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The  bowl  of  tepid  water  should  be  placed  by  the  machine  and 
within  convenient  reaching  distance.  If  a  little  common  salt  is 
placed  in  the  water  its  conducting  power  is  much  increased. 

In  general  electrization  the  pain  at  the  negative  pole  is  chiefly  felt 
at  the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of 
the  feet.  The  feeling  of  constriction  in  the  ankles  is  caused  by  the 
rapid  and  violent  contractions  of  the  muscles.  If  only  one  foot 
is  applied  to  the  plate  the  entire  force  of  the  current  must,  of 
course,  be  borne  by  that  foot,  and  furthermore,  the  other  limb 
vrill  receive  no  direct  benefit  from  the  treatment. 

Methods  of  Modifying  the  Strength  and  Quality  of  the  Current 
during  the  Application, — ^The  strength  of  the  faradic  current  may 
be  modified  during  the  application  of  general  electrization  in 
three  ways :  First,  by  changing  the  negative  pole  from  D  to  C 
or  B  (in  Kidder's  apparatus).  A  B  gives  the  mildest  current, 
such  as  is  oftentimes  used  for  the  head.  A  C  gives  a  stronger  and 
more  concentrated  current.  A  D  gives  the  full  power  of  the 
machine,  and  is  the  strongest  of  all  the  currents,  except  as  the 
metallic  tube  is  nearly  or  quite  removed,  when  D  C  becomes  the 
stronger.  (These  details  are  explained  more  fully  in  the  chapter 
devoted  to  the  description  of  the  apparatus.) 

A  second  method  of  modifying  the  character  of  the  current  is 
by  removing  the  conducting  wire  >vith  which  the  electrode  is  con- 
nected from  the  holes  A,  B,  C,  or  D,  and  then  giving  "  shocks  "  by 
rapidly  interrupting  the  current,  the  positive  pole  being  all  the 
while  pressed  firmly  on  the  spot  desired  to  be  affected. 

A  third  method  of  modifying  the  current,  and  one  that  must  be 
employed  momentarily  during  every  stage  of  the  process  of  gen- 
eral electrization,  is  by  changing  the  position  of  the  metallic  tube 
that  covers  the  helix.  When  this  is  pushed  in  the  current  is  very 
feeble  ;  when  it  is  entirely  withdrawn  the  current  is  at  its  strongest. 

When  the  operator  applies  the  brass  ball  and  sponge  to  the 
body  he  can  keep  his  free  hand  all  the  time  on  the  metallic  tube, 
and  push  it  in  or  withdraw  it  at  pleasure.  Facility^  skill,  and 
readiness  in  use  of  these  methods  of  modifying  the  strength  and 
quality  of  the  current  is  one  very  important  secret  of  success  in 
the  use  of  general  electrization,    A  skilful  operator  will  cause  less 
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discomfort  with  a  strong  current  than  one  who  is  awkward  will 
cause  with  a  very  weak  current. 


DETAILS   OF  THE   APPLICATIONS   TO   THE   DIFFERENT   PARTS   OF 

THE    BODY. 

Inasmuch  as  general  electrizarion  requires  that  the  applications 
should  be  made  over  the  entire  surface  of  the  body,  and  as  the 
various  parts  and  organs  of  the  body  differ  very  widely  in  their 
susceptibility  to  electrization,  and  in  the  effects  which  they  receive 
from  it,  it  becomes  necessary  to  explain  the  modus  operandi  of  the 
applications  with  considerable  fulness  of  detail. 

Applications  to  the  Head. — Applications  of  electricity  to  the 
head  are  perhaps  the  best  tests  both  of  the  efficacy  of  general 
electrization  and  of  the  skill  of  the  operator.  The  head,  espe- 
cially the  forehead,  is,  by  far,  more  sensitive  to  the  electric  cur- 
rents than  any  other  portion  of  the  surface  of  the  body.  The  two 
reasons  for  this  are  sufficiently  obvious.  The  surfaces  of  bones 
are  always  sensitive  to  th^faradic  current,  as  to  any  other  me- 
chanical influence ;  and  the  cranium  is  no  exception  to  this  law. 
Then,  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve  in  all 
its  ramifications,  and  especially  over  the  forehead.  The  brain 
itself  is  also  more  or  less  sensitive  to  the  current,  especially  to  the 
galvanic.  The  brain  itself  is  directly  affected  by  applications  of 
electricity  over  the  cranium,  but  not  painfully  so,  unless  a  very 
strong  current  is  employed.  (For  proofs  that  the  brain  is  directly 
affected  by  applications  of  electricity  to  the  head,  see  Electro-Phy- 
siology, page  86  et  seq.) 

Application  to  the  head  is  usually,  and  as  a  matter  of  conve- 
nience, the  first  step  in  the  process  of  general  electrization. 
There  are  many  cases  that  do  not  bear  even  mild  applications  to 
the  front  and  top  of  the  head,  and  who  seem  to  be  injured  rather 
than  benefited  by  it.  With  others,  on  the  contrary,  the  effects 
are  highly  agreeable. 

In  treating  the  forehead  the  operator  should  first  press  his 
moistened  hand  firmly  over  the  head,  and  then  making  the  con- 
nection with  his  other  hand  on  the  sponge  and  brass  ball  of  the 
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positive  pole,  should  allow  the  current  to  pass  steadily,  without 
interruption,  for  one  or  two  minutes.  In  Kidder's  faradic  appara- 
tus, A  B  is  the  best  current  for  the  forehead.  When  the  galvanic 
current  is  used  the  treatment  should  be  still  milder.  The  use  of 
the  hand  as  an  electrode  is  particularly  desirable  in  making  appli- 
cations to  the  forehead.  The  best  form  of  artificial  electrode  for 
the  head,  whether  the  galvanic  or  faradic  current  is  used,  is  a 
large,  soft  sponge. 

The  dry  hair  is  a  non-conductor,  and  therefore  it  is  always 
necessary  to  wet  it  freely  before  electrizing  any  portion  of  the 
head  that  is  covered  by  it     It  is  not  usually  desirable  to  compel 
lady  patients  to  pull  down  their  hair,  or  to  thoroughly  moisten  it. 
It   is  generally  sufficient   to  electrize   only  that  portion  of  the 
cranium  which  is  readily  accessible.      In  electrizing  the  top  and 
sides  of  the  head  the  stable  current  should  generally  be  used.     A 
very  important  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  ears,  over  the  so-called    organ  of    firmness, — the 
cranial   centre.      If  the  hair  at  this  point  be  sufficiently  mois- 
tened to  admit  the  passage  of  a  mild  current  with  any  convenient 
form  of  electrode,  a  peculiar  and  slightly  painful  sensation  is  ex- 
perienced that  seems  to  proceed  from  the  brain  itself,  and  is  cer- 
tainly very  different  from  that  which  is  felt  by  the  branches  of  the 
fifth  pair  on  the  forehead. 

It  is  at  this  point  also  that  nervous  and  hysterical  patients  fre- 
quently suffer  from  burning  pain — from  a  sensation  as  though  a 
hot  coal  of  fire  were  resting  there. 

In  some  exceptional  cases  of  disease  the  head  will  bear  currents 
of  considerable  strength.  The  back  of  the  head  over  the  cere- 
bellum will  usually  bear  quite  strong  applications.  The  current 
is  felt  through  the  ramifications  of  the  occipital  nerves,  giving  rise 
oftentimes  to  sensations  not  only  painless,  but  absolutely  agree- 
able. 

Applications  to  the  Eye, — ^The  eye  is  much  less  sensitive  to  the 
current  than  either  the  face  or  the  forehead.  The  temporary  and 
permanent  relief  that  is  afforded  to  the  eyes  when  in  a  condition 
ot  asthenopia,  or  simple  exhaustion  from  overwork,  is  oftentimes 
very  striking.     Of  the  eye  as  of  the  forehead  it  may  be  said  that 
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it  is  always  best  electrized  by  the  hand  and  fingers  of  the  opera- 
tor. The  moistened  fingers  should  be  drawn  over  the  closed 
eye  towards  each  other,  with  light  and  gentle  pressure  and  slow 
movement.  The  labile  current  is  preferable  to  the  stable,  or,  at 
least,  is  equally  as  good,  and  usually  considerable  strength  is 
borne  without  discomfort 

Applications  to  the  Ear, — A  strong  current  applied  over  the 
tragus,  or  just  below  the  auricle,  is  about  all  that  is  necessary  or 
advisable  in  general  electrization. 

Special  diseases  of  the  eye  and  ear  must  often  be  treated  by 
localized  electrization,  with  the  apparatus  and  according  to  the 
methods  described  under  the  diseases  of  those  organs. 

Applications  to  the  Face.—  Except  in  cases  of  paralysis  of  motion 
or  sensation,  or  of  both,  it  is  not  well  to  make  any  applications 
to  the  face  beyond  a  slight  pressure  over  the  fifth  pair,  on  the  tra- 
gus, as  described  above.  A  mild  current  applied  at  this  point 
will  produce  thorough  contractions  of  all  the  muscles  on  one  side 
of  the  face. 

Applications  to  the  Neck  and  ITiroeU. — ^The  back  part  of  the  head 
and  upper  portion  of  the  spine  will  usually  bear  powerful  appli- 
cations. It  is  an  interesting  and  important  fact  that  very  marked 
effects  may  be  produced  by  general  electrizcUion^  even  when  the 
applications  are  made  only  to  the  back  and  sides  of  the  neck. 

The  reason  for  this  will  be  clear  when  we  come  to  study  the 
electro4herapeutical  anatomy  of  the  parts.  From  the  upper  por- 
tion of  the  spine  and  base  of  the  brain  proceed  the  most  impor- 
tant and  most  sensitive  nerves  of  the  body — the  pneumogastric, 
and  the  brachial  plexus,  and  the  phrenic  nerves. 

Furthermore,  the  sympathetic  or  ganglionic  system  runs  close 
by  the  spine,  near  to  the  carotid  artery,  and  may  be  reached  and 
affected  electrically  by  pressing  firmly  with  the  fingers,  by  the 
anterior  border  of  the  stemo-cleido-mastoid  muscle,  at  those 
points  where  the  pressure  of  the  carotid  is  most  readily  felt. 

It  is  also  probable  that  the  cephalic  ganglia  of  the  sympathetic 
are  more  or  less  influenced  when  the  electric  currents  are  passed 
through  the  head. 


General  Galvano- Faradisation. 


Fig.  so. — Generai.  Galvano-fa&adizat. 


A  douhte  eleclrode  is  osed,  one  part  of  which  is  connected  with  the  galnude 
and  the  other  with  the  fariidic  apparatus.  The  topper  plate  is  also  connected 
mlh  both  CI 


If  the  sponge  be  pressed  firmly  on  the  cilio-s|>inal  centre, 
over  the  sixth  and  the  seventh  cervical  vertebra;,*  and  moved 
slightly  on  either  side  of  the  spine  (see  figure  49,  page  194),  while 
a  powerful  current  is  passing,  the  electric  inHuence  may  be  perrep- 
titly  communicated  not  only  to  the  s|)ine,  biit  also  to  the  larynx, 
'See  Elect ro-Phfslobgy.  p.  6j. 
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through  the  laryngeal  nerves,  to  the  stomach  through  the  pneumo- 
gastric,  to  the  lungs  through  the  phrenic,  to  both  arms  and  hands 
through  the  brachial  plexuses  and  their  branches — in  sJiort^  to  the 
most  importafit  nerves  and  organs  of  the  body.  The  sympathetic 
is  also  directly  affected  at  this  point. 

There  is  no  other  single  place  on  the  surface  of  the  body  where 
the  electrical  influence  can  be  communicated  to  so  many  impor- 
tant nerves  as  at  the  cilio-spinal  centre. 

In  order,  however,  to  affect  all  these  nerves  and  organs  above 
mentioned  by  faradization  it  is  necessary  to  use  a  powerful  cur- 
rent, and  to  press  the  sponge  very  firmly  against  the  skin. 

In  very  fleshy  patients  it  is  sometimes  quite  difficult  to  affect 
the  brachial  plexuses  and  their  branches  in  the  arms  and  hands 
without  using  a  stronger  current  than  can  well  be  borne  through 
the  feet  and  ankles  at  the  negative  pole.  This  application,  so  far 
from  being  painful,  is  to  many  positively  agreeable.  The  thrill 
which  it  communicates  to  the  nerves  and  vital  organs  is  often  so 
delightful  that  the  patient  requests  to  have  the  application  pro- 
longed. In  patients  who  can  bear  it  this  application  at  the  cilio- 
spinal  centre  may  be  varied  by  suddenly  interrupting  the  cur- 
rent. 

This  application  is  a  very  important  factor  in  general  electri- 
zation, and  will  achieve  decided  tonic  effects  on  the  system,  even 
when  no  other  portion  of  the  body  is  touched  by  the  current.  The 
immediate  sensations  which  it  produces,  however,  are  by  no 
means  uniform.  Some  patients,  through  the  irritation  of  the  laryn- 
geal nerves,  cough  spasmodically,  and  even  violently,  under  the 
excitation  even  of  a  comparatively  mild  current ;  with  others, 
even  the  most  powerful  currents,  and  the  firmest  possible  pres- 
sure of  the  sponge,  fail  to  produce  any  such  effect.  In  nervous 
and  sensitive  patients  this  application  often  causes  a  peculiar  and 
decided  sensation  in  the  stomach,  through  the  pneumogastric 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sen- 
sation, even  under  currents  of  great  power.  The  sensation  of 
tingling  and  pricking  in  the  fingers,  caused  by  the  excitation  of  the 
branches  of  the  nerves  of  the  arm,  can  almost  invariably  be  i)ro-^ 
duced,  even  in  the  very  corpulent.  • 
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In  patients  suffering  from  organic  disease  of  the  spinal  cord, 
or  probably  from  simple  spinal  exhaustion,  even  mild  applications 
over  the  upper  portion  of  the  spine  may  cause  painful  sensations 
through  the  entire  length  of  the  cord,  and  down  the  lower  ex- 
tremities to  the  feet  This  fact  is  one  of  great  diagnostic  value, 
because  it  is  well  established  that  in  a  normal  condition  of  the 
spinal  cord  no  such  sensations  are  transmitted,  at  least  under  the 
form  of  application  above  described. 

Another  important  locality  in  the  electro-therapeutical  anatomy 
of  the  neck  is  in  the  posterior  triangle,  just  by  the  posterior  bor- 
der of  the  stemo-cleido-mastoid  muscle.  If  the  fingers  of  the 
operator,  with  a  current  of  considerable  strength — the  sponge, 
with  a  current  comparatively  mild — be  pressed  firmly  on  this 
space  until  the  posterior  border  of  the  scalenus  anticus  is  reached, 
the  patient  will  at  once  experience  a  tingling  or  pricking  sensa- 
tion in  the  arm  and  hand  on  that  side,  caused  by  the  excitation 
of  the  brachial  plexus,  and  in  some  cases  a  thrill  is  communicat- 
ed by  means  of  the  pneumogastric  to  the  stomach,  and  by  the 
phrenic  nerve  to  the  diaphragm. 

In  cases  of  paralysis  or  anaesthesia  of  the  arm  this  applica- 
tion is  of  invaluable  service,  and  in  all  cases  of  general  debility 
it  is  decidedly  indicated.  Another  important  locality  in  the  elec- 
tro-therapeutical anatomy  of  the  neck  is  just  above  the  sternum. 
Applications  should  be  made  here  in  all  cases  of  debility,  but 
especially  in  patients  afflicted  with  chronic  bronchitis.  At  this 
point  the  inferior  cervical  ganglion  can  be  irritated.  Beside  all 
these  special  applications,  the  electrode  should  be  passed  rapidly, 
thoroughly,  around  and  over  the  entire  surface  of  the  neck,  an- 
teriorly and  posteriorly,  and  should  be  pressed  firmly  and  thor- 
oughly by  the  anterior  border  of  the  stemo-cleido-mastoid  muscle, 
until  the  beating  of  the  carotid  artery  is  felt,  in  order  to  affect  the 
sympathetic. 

Applications  to  the  Upper  Extremities, — In  electrization  over  the 
extremities,  the  sponge,  or  the  hand  of  the  operator,  should  be 
passed  thoroughly  over  the  surface  of  the  hands  and  arms,  and 
with  sufficient  force  to  produce  agreeable  contractions  of  all  the 
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superficial  muscles.  In  cases  of  paralysis  of  motion  or  of  sensa- 
tion of  the  whole  upper  extremity,  or  of  any  portion  of  it,  it  is 
well  to  have  special  reference  in  the  applications  to  the  course  of 
the  principal  nerves.  Except  in  infants  and  corpulent  females, 
contractions  of  the  superficial  muscles  of  the  arm  are  obtained 
with  a  mild  current. 

Applications  to  the  Spine, — The  spine  may  be  treated  both  with 
labile  and  stable  currents.  When  it  is  in  a  condition  of  irritation 
or  inflammation,  stable  galvanic  currents  are  to  be  preferred. 
Stronger  currents  of  electricity  may  be  borne  over  the  middle  of 
the  spine  than  perhaps  over  any  other  portion  of  the  body.  The 
reasons  for  this  are  sufficiently  apparent.  The  back  is  less  sensitive 
to  any  irritant  than  most  of  the  other  portions  of  the  surface  of  the 
body.  There  are  no  very  sensitive  peripheral  nerves  in  the  back, 
and  the  spinal  cord  is  so  thoroughly  protected  by  its  bony  covering 
that  the  currents  are  never  felt  in  it  painfully,  except  when  it 
is  greatly  exhausted  or  organically  diseased.  The  nerves  that 
issue  from  the  spinal  cord  are  more  or  less  affected  by  powerful 
applications  to  the  back,  and  through  them  the  various  parts  and 
organs  which  they  supply  are  considerably  influenced. 

The  best  method  of  electrizing  the  back  is  to  pass  the  sponge 
down  its  entire  length,  from  the  first  cervical  vertebra  to  ihecauda 
equina,  carefully  avoiding  the  prominences  of  the  scajjula  and  the 
ossa  innominata.  Below  the  inferior  angle  of  the  scapula  the 
sponge  may  be  moved  from  side  to  side  over  the  region  of  the 
kidneys,  liver,  and  spleen. 

Ih  cases  of  nervous  dyspepsia,  a  peculiar  and  almost  painful 
sensation  is  sometimes  felt  in  the  region  of  the  stomach  as  the 
sponge  is  passed  over  the  portion  of  the  spine  from  which  the 
solar  plexus  takes  its  origin.  The  liver  and  spleen  are  some- 
times exceedingly  sensitive,  and  in  other  cases  seem  to  be  in  a 
condition  of  anaesthesia.  The  ultimate  effects  of  electrization  of 
the  spine,  on  the  lungs,  bronchial  tubes,  and  heart,  are  decided,  but 
the  temporary  sensations  experienced  in  these  parts  during  the 
applications  are  very  slight  indeed. 

In  that  very  frequent  and  very  harassing  and  indefinite  accom- 
paniment of  nervous  disorders,  back-ache,  which  is  so  frequently 
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associated  with  spinal  irritalion,  the  sponge  may  be  pressed 
with  moderate  finnness  over  the  painful  spot,  and  allowed  to  rest 
for  a  few  moments,  until  relief  is  experienced. 

If  a  strong  current  be  applied  over  the  lower  portion  of  the 
spine,  between  the  upper  borders  of  the  ossa  innominata,  a 
slight  sensation  is  sometimes,  though  by  no  means  uniformly, 
communicated  to  the  rectum  and  the  male  genital  apparatus,  the 
penis  and  the  testicles,  through  their  spinal  nerve-supply. 

If  a  strong  current  be  applied  over  the  lower  part  of  the  cauda 
equina,  both  sciatic  nerves  and  their  branches  are  very  sensitively 
affected.  In  cases  of  paralysis  of  the  lower  limbs,  suddenly 
interrupted  currents  in  the  form  of  shocks  may  be  given  at  this 
point  with  advantage.  In  view  of  these  considerations  it  is  mani- 
fest that  in  the  employment  of  general  electrisation  particular 
attention  should  be  given  to  the  spine,  even  at  the  expense  of  neglect- 
ing other  portions  of  the  body. 

Applications  to  the  Lungs  and  Heart. — The  lungs  and  heart  are 
less  affected  by  general  electrization  than  any  other  of  the  prom- 
inent vital  organs,  and  partly  for  this  reason,  the  diseases  to 
which  they  are  subject — even  the  neuroses — are  less  amenable  to 
electric  treatment  than  are  corresponding  diseases  in  other 
organs. 

That  the  lungs  and  heart  are  less  influenced  by  electrization 
than  other  important  organs  is  chiefly  accounted  for  by  the  ana- 
tomical structure  of  the  chest.  The  ribs,  with  the  intercostal 
muscles  and  ligaments,  form  an  unyielding  wall.  Furthermore,  the 
pleura  and  pericardium  are  not  closely  adherent  to  the  inner  wall 
of  the  chest,  but  lie  loosely  over  the  lungs  and  heart  These 
organs,  therefore,  are  best  affected  electrically  by  applications 
above  the  sternum,  around  the  neck,  and  over  the  upper  half  of 
the  spine  whence  the  ner\'e -supply  of  the  viscera  proceeds,  and 
by  direct  electrization  of  the  vagus  in  the  neck. 

Applications  over  the  chest  are,  however,  of  positive  and  per- 
manent service,  by  developing  the  thoracic  and  intercostal  mus- 
cles, and  for  this  reason,  if  for  no  other,  they  should  not  be 
neglected.  But  it  should  not  be  forgotten  that  the  surfaces  of 
the  ribs,  like   the    surfaces  of  all   other  bones,   are   sensitive 
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to  electrization,  and  that  therefore  the  chest  will  not  bear  as 
severe  applications  as  the  spine,  neck,  or  abdominal  regions. 
This  sensitiveness  is,  of  course,  more  in  the  thin  and  nervous 
than  in  the  corpulent  and  phlegmatic  It  is  usually  most  marked 
on  the  inferior  ribs  on  the  right  and  left  side  of  the  body^  over  the 
liver  and  spleen.  The  pecuhar  sensitiveness  of  the  ribs  at  these 
points  is  sometimes  erroneously  supposed  to  indicate  disease  of 
the  organs  beneath  them. 

Applications  over  the  Stomachy  Liver ^  Spleen^  and  Bowels, — ^The 
digestive  apparatus  can  be  materially,  and,  as  has  been  stated, 
sometimes  sensitively,  affected  by  electrization  applied  to  the 
lower  half  of  the  spine ;  but,  in  order  to  thoroughly  influence 
these  important  organs,  the  sponge  or  the  hand  of  the  operator 
should  be  applied  directly  over  the  regions  of  the  stomach,  liver, 
spleen,  and  bowels. 

We  have  stated  above  that  the  anatomical  structure  of  the 
chest  rendered  it  difficult  to  send  the  electric  current  through 
the  anterior  of  its  walls  to  the  lungs  and  heart.  In  the  abdominal 
regions  the  anatomical  structure  is  directly  reversed,  and  instead 
of  an  unyielding  wall,  partly  composed  of  bones  and  ligaments, 
we  have  a  flaccid  skin  lying  loosely  against  the  peritonaeum  that 
covers  the  moist  viscera  beneath.  It  will  be  recollected 
that  the  tissues  of  the  body  conduct  electricity  in  direct  proportion 
to  the  saline  solutions  which  they  contain.  (See  p.  84.)  No  other 
organs  of  the  body  contain  so  large  a  percentage  of  water  as 
those  which  are  situated  in  the  cavity  of  the  abdomen.  It  is 
obvious,  therefore,  that  when  the  resistance  of  the  epidermis  is 
overcome  by  the  moisture  of  the  sponge  or  hand,  and  the  perito- 
naeum and  viscera  are  brought  into  coaptation,  the  current  must 
directly  traverse  all  the  parts  desired  to  be  affected. 

In  making  applications  of  electricity  to  the  anterior  surface  of 
the  trunk  below  the  diaphragm,  particular  attention  should  be 
given  to  the  epigastric  region. 

The  stomach  participates  more  or  less  in  nearly  all  the  neu- 
roses for  which  we  employ  general  electrization,  and  the  solar 
plexus  from  which  it  receives  its  nerve-supply  is  certainly  the  most 
important  plexus  in  the  body. 
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ich  the  stomach  and  solar  plexus  place  the  sponge  or 
I  palm  of  the  hand  below  and  under  ihc  sternum  and  as  far  back  as 
This  pressure  brings  the  peritonjeuin  and  stomach 
bto  coaptation  and  forces  the  current  to  pass  through  them.  In 
the  dyspeptic  and  feeble  it  is  necessary,  at  first,  to  use  very  mild 
and  short  applications  over  the  stomach ;  and  in  such  cases  it  is 
almost  indispensable,  if  a  strong  current  is  used,  that  the  operator 
should  allow  tlie  current  through  his  own  person.  The  spleen  and 
liver  may  be  treated  in  the  same  way  as  the  stomach,  or  by  gen- 


tle passes  from  side  to  side. 
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current,  and,  in  cases  of  obstinate  constipation,  by  sudden  inter- 
ruptions or  shocks. 

Corpulent  and  pursy  patients  usually  bear  much  stronger  cur- 
rents over  the  abdomen  than  the  thin  and  emaciated.  Adipose 
tissue  is  comparatively  a  poor  conductor  of  electricity,  and  it  is 
difficult  to  affect  the  bowels  of  tiie  very  corpulent  through  the 
abdominal  walls,  by  electrization,  unless  we  employ  firm  pressure 
and  currents  of  considerable  strength.  But  in  the  vast  majority 
of  cases  currents  of  moderate  strength,  applied  lightly  over  the 
surface  of  the  abdomen,  either  with  the  sponge  or  with  the  hand, 
will  readily  produce  contractions  of  the  abdominal  muscles,  and, 
if  pressure  be  employed,  the  intestines  and  all  the  organs  of  the 
abdominal  cavity  are  directly  traversed  by  the  current. 

It  is  somewhat  probable  that  in  very  corpulent  patients  the 
intestines  will  be  more  influenced  by  applications  to  the  lower 
portion  of  the  spine  than  over  the  surface  of  the  abdomen. 

Applications  to  the  Male  Genital  Organs. — Special  diseases  of 
the  male  genital  organs,  as  impotence,  spermatorrhoea,  &c.,  de- 
mand localized  as  well  as  general  electrization. 

That  the  sexual  power  is  increased  by  general  electrization, 
even  when  no  special  attention  is  given  to  the  genital  apparatus, 
we  have  repeatedly  demonstrated ;  and  yet  in  all  cases  of  positive 
disease  of  the  parts,  where  electrization  is  at  all  indicated,  the 
applications  should  be  localized  directly  to  the  perinaeum,  the 
testicles,  or  the  penis,  as  may  be  indicated.  There  are  five  places 
where  the  male  genitals  can  be  affected  by  external  applications 
during  general  electrization  if  the  operator  chooses  to  do  so, — 
over  the  hypogastric  region,  on  the  penis,  between  the  penis  and 
the  scrotum,  over  the  scrotum,  on  the  perinaeum. 

Strong  currents  are  usually  well  borne  over  the  scrotum,  and  be- 
tween the  penis  and  the  scrotum,  and  especially  on  the  perinaeum  ; 
but  the  penis  is  more  sensitive,  and  need  not  be  touched  except 
in  special  cases.  The  prostate  gland  is  probably  more  affected 
when  the  sponge  is  at  the  perinaeum  than  by  any  other  form  of 
external  application. 

Applications  to  the  Female  Genitals. — Direct  applications  to  the 
vagina  or  uterus  are  rarely  called  for  in  general  electrization. 
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That  the  uterus  is  influenced  by  general  electrization  is  proved 
continually  by  the  fact  that  some  of  the  diseases  to  which  it  is 
subject  are  relieved  or  cured  by  this  method  of  treatment  alone. 

When  a  strong  current  is  applied  over  the  lower  part  of  the 
abdomen^  with  considerable  pressure,  the  uterus  and  vagina  are 
traversed,  to  a  greater  or  less  extent,  and  are  correspondingly 
affected.  The  current  may  also  be  sent  through  the  ovaries  by 
appljring  the  electrode  directly  over  them.  In  corpulent  females 
we  experience  the  same  difficulty  in  affecting  the  womb  and 
ovaries  that  we  have  in  reaching  the  intestines.  In  these,  as 
indeed  in  all  cases,  it  should  not  be  forgotten  that  very  much 
may  be  accomplished  for  these  organs  by  strong  currents  down 
the  lower  portion  of  the  spine,  whence  proceeds  their  nerve -sup- 
ply. 

Applications  to  the  Lower  Extremities. — Unless  there  is  weak- 
ness or  paralysis  of  the  lower  limbs  we  do  not  apply  the  current 
directly  to  them  in  more  than  half  of  the  cases,  because,  when 
the  copper  plate  is  at  the  feet,  the  muscles  below  the  knee  are 
more  or  less  exercised  during  the  whole  treatment. 

Before  proceeding  to  make  the  applications  to  the  lower 
extremities,  the  patient  should  be  required  to  stand  up,  still  keep- 
ing the  feet  on  the  copper  plate.  Male  patients  who,  during  the 
earlier  stages  of  the  operation,  have  entirely  removed  their 
clothing  from  the  trunk,  should  be  allowed  to  again  put  it  on,  both 
in  order  to  avoid  unnecessary  exposure  and  to  protect  from  the 
cold. 

With  female  patients  the  applic  ations  to  the  lower  limbs,  ex- 
cept in  cases  of  paralysis,  can  be  readily  made  under  the  clothing, 
without  exposure. 

The  operator,  sitting  by  the  side  of  the  patient,  on  a  low  stool 
or  ottoman,  should  then  pass  the  sponge  or  the  hand  lightly  down 
the  entire  surface  of  both  limbs  from  the  thighs  to  the  feet,  avoid- 
ing, so  far  as  possible,  the  prominences  of  the  bones  at  the 
hip,  knee,  and  ankles. 

The  outer  portion  of  the  thigh,  like  the  back,  is  very  little 
sensitive  to  the  electric  current,  because  its  surface  is  not  supplied 
by  very  sensitive  nerves.      The  inner  side  of  the  thigh,  on  the 
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contrary,  is  supplied  by  branches  from  the  sensitive  anterior  c 
ra!  nerve,  and  in  nervons  persons  especially  is  very  susceptible  to 
electrization.      In  passing  the  sponge   or  the   hand   down    the 


lower  limbs  great  pains  should  be  taken  to  carefnlly  graduate  tMl 
current  according  to  the  sensitiveness  of  each  locality.     It  iswell'W 
for  the  operator  to  keep  his  hand  all  the  time  on  the  metallic 
tube,  so  3S  to  be  able  to  modify  the  current  instantly  and  at 
pleasure.  l"his  precaution  is  more  necessary  in  treating  the  lower 


Applications  to  the  Lower  Limbs,  2 1 1 

limbs  than  the  upper,  because  the  contrasts  in  the  normal  sensi- 
tiveness of  the  different  parts  of  the  lower  limbs  are  much 
greater  than  in  the  arms,  and  because  any  severe  shocks  suddenly 
felt  in  the  legs  sometimes  throw  patients  off  of  their  feet. 

In  cases  complicated  with  paralysis  of  motion  or  sensation  of 
the  lower  limbs  it  is  well,  in  these  applications,  to  reverse  the 
current,  so  that  the  positive  may  be  at  the  feet,  having  special 
reference  to  those  points  where  the  principal  nerves  lie  most 
superficial.  These  points  are,  for  the  sciatic  nerve,  between  the 
head  of  the  femur  and  the  tuberosity  of  the  ischium  ;  for  the  an- 
terior crwcdX  nerve,  just  below  Poupart*s  ligament  and  in  the  mid- 
dle of  the  thigh,  by  the  border  of  the  sartorius ;  for  the  popliteal 
nerve  in  the  outer  portion  of  the  popliteal  space,  by  the  tendons  of 
the  biceps  muscle  ;  for  the  anterior  tibial  nerve,  the  point  by  the 
border  of  the  tibia,  from  five  to  seven  inches  below  the  knee-joint ; 
for  the  posterior  tibial  nerve  just  posterior  to  the  internal  mal- 
leus. In  cases  of  paralysis,  where  it  is  necessary  to  make  strong 
applications  to  these  sensitive  points,  it  is  advisable  to  allow  the 
patient  to  sit  in  a  chair  or  recline  on  a  bed  or  lounge. 

In  cases  not  complicated  with  paralysis,  contractions  of  the 
superficial  muscles  of  the  lower  limbs  can  be  produced  by  com^ 
paratively  feeble  and  painless  currents. 


CHAPTER  IX. 

SPECIAL  RULES  TO  BE  OBSERVED  IN  THE  EMPLOYMENT 

OF  GENERAL  ELECTRIZATION 

In  the  employment  of  general  electrization  there  are  certain 
rules  and  cautions  on  the  observance  of  which  the  results  of  the 
applications  will  very  materially  depend. 

The  dose  of  general  electrization,  like  the  dose  of  cold  bath- 
ing or  of  physical  exercise,  is  a  compound  quantity,  made  up  of 
several  factors.  The  dose  of  a  shower-bath  includes  the  tem- 
perature of  the  water,  the  violence  of  the  shower,  and  the  length 
of  time  that  the  patient  is  subjected  to  it.  The  dose  of  general 
electrization  includes  the  strength  of  the  current^  the  thoroughness 
of  the  application^  and  the  length  of  the  stances.  In  employing  this 
treatment,  therefore,  it  is  necessary  to  regard  all  these  three  ele- 
ments, studiously  adapting  the  treatment  to  the  constitution  of 
the  patient  and  the  nature  of  the  disease. 

It  is  important  to  consider — 

I.  The  Strength  of  the  Current. —  It  is  better  that  the  first 
tentative  applications  should  always  be  made  with  a  gentle  cur- 
rent, and,  if  the  patient  be  particularly  sensitive,  it  is  an  advantage 
with  the  hand  of  the  operator  instead  of  an  artificial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  treat- 
ment, the  general  rule  should  be  to  make  the  applications /Af^w- 
antly  painful. 

But  to  this  rule  there  are  marked  exceptions.  There  are  indi- 
viduals who,  from  some  native  peculiarity  of  constitution,  are  so 
exceedingly  sensitive  to  tonics,  that  they  can  only  take  quinine, 
iron,  strychnine,  &c.,  for  a  very  short  time  and  in  doses  far  less 
than  the  average.  Doses  of  these  remedies  which  to  others  are 
decidedly  beneficial  cause  in  them  the  most  intense  and  even 
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alarming  reaction.  Such  patients  are  also  abnormally  sensitive 
to  general  electrization,  and  accordingly  must  be  treated  with 
peculiar  caution. 

Patients  who  have  long  been  accustomed  to  the  treatment — 
who  have  become,  in  a  certain  sense,  insensible  to  the  strength  of 
current  ordinarily  used — may  frequently  be  benefited  by  very  pow- 
erful currents,  such  as  may  be  obtained  by  uniting  two  or  three 
batteries  to  the  helix. 

Usually,  but  not  invariably,  we  may  be  guided  by  the  sensations 
of  the  patient ;  but  exceptions  to  this  rule  are  sometimes  very 
striking,  and  should  put  us  on  our  guard.  Some  who  feel  no  pain 
during  the  applications  may  on  the  day  following  experience  the 
most  disagreeable  reactive  effects. 

Thoroughness  of  the  Applications, — General  electrization  does 
not  require  that  all  portions  of  the  surface  of  the  body  should 
be  touched  by  the  electrode  at  every  sitting.  In  nervous  and  sus- 
ceptible patients  we  can  approach  the  full  measure  of  the  treat- 
ment only  by  slow  degrees.  It  is  oftentimes  sufficient  to  make 
the  first  application  only  around  the  neck,  shoulders,  and  on  the 
upper  portion  of  the  spine.  Patients  have  such  erroneous 
impressions  in  regard  to  the  nature  of  the  treatment,  are  so 
wrought  upon  by  the  memories  of  the  frightful  "  shocks  "  which 
they  have  received  in  their  school  days,  that  they  oftentimes 
enter  the  operating  room  with  dread,  as  though  they  might  never 
come  out  again  alive.  It  is  clear  that  such  timid  and  mis- 
guided patients  must  at  first  be  handled  tenderly,  until  they 
gradually  learn  by  actual  experience  that  general  electrization 
is,  on  the  whole,  a  most  agreeable  process,  and  that,  at  most,  it 
need  never  cause  them  anything  more  than  a  feeling  of  mild  dis- 
comfort. 

It  is  not  always  necessary,  in  every  case,  to  make  the  applica- 
tions to  all  portions  of  the  surface  of  the  body,  even  in  a  pro- 
longed course  of  treatment. 

The  general  tonic  effects  of  this  system  of  treatment  can 
undoubtedly  be  achieved  without  touching  either  the  upper 
or  lower  extremities.  IJut,  on  the  other  hand,  it  is  just  as  un- 
doubtedly true  that  the  muscular  development  that  results  from 
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long- continued  electrization  of  the  arms  and  legs  reacts  favora- 
bly on  the  whole  system  and  materially  aids  the  treatment. 

The  general  rule  should  be  that,  in  all  cases  of  general 
debility  associated  with  some  local  disorder^  the  applications  should 
be  made  all  over  the  body,  but  with  special  reference  to  the  part 
affected.  In  deviating  from  this  law  of  thoroughness  each  case 
must  be  studied  by  itself.  Thorough  applications  to  the  head,  or 
at  least  to  all  portions  of  it,  are  not  demanded  in  more  than  half 
the  cases  for  which  general  electrization  is  indicated.  In  some 
cases  very  marked  benefit  is  derived  from  applications  over  the 
head  j  in  others  the  results  are  negative.  It  is  usually  sufficient 
to  place  the  hand  over  the  forehead,  as  directed,  and  on  the  top 
of  the  head,  and  over  the  cerebellum,  without  subjecting  the 
patient  to  the  annoyance  of  wetting  the  head  all  over. 

The  neck,  spine,  and  abdomen  should  be  treated  in  all  cases, 
except  during  the  first  and  tentative  applications,  or  in  pa- 
tients of  very  unusual  susceptibility.  During  menstruation  it  is 
usually  better  to  avoid  the  abdomen  and  lower  part  of  the  spine, 
or  to  suspend  the  treatment  altogether,  except  in  those  cases 
where  it  is  desired  to  increase  the  menstrual  flow. 

Length  of  the  Applications, — ^The  duration  of  the  sittings  may 
range  between  five  tninutes  and  a  half  or  three-quarters  of  an  hour, 
being  modified  by  the  nature  of  the  constitution,  the  strength  of 
the  current  employed,  the  stage  of  the  treatment  and  the  results 
of  the  previous  applications. 

The  smallest  fraction  of  this  time  should  be  devoted  to  the  head., 
the  largest  to  the  spine ;  next  to  the  spine  the  abdomen  should 
receive  the  largest  share  of  attention. 

Experimental  applications  should  always  be  short ;  but  patients 
who  have  long  been  accustomed  to  the  treatment  may  sometimes 
receive  most  powerful  currents,  over  any  portion  of  the  body 
except  the  head,  for  an  hour  at  a  sitting,  not  only  widiout  injury, 
but  with  positive  benefit. 

Real  or  apparent  strength  of  constitution  is  a  very  deceptive 
criterion  by  which  to  determine  the  length  of  the  sittings. 

I.  An  average  application  of  say  15  minutes  may  be  thus  ap- 
portioned : 
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To  the  head i  minutes. 

"      neck,  sympathetic  and  cervical  spine  ....  4         ** 

"      back 3         " 

"      abdomen 3        •* 

**      upper  and  lower  extremities 4        ** 

This  is,  however,  a  very  general  estimate.  Each  case  must  be 
studied  by  itself.  In  general  galvanization  or  galvano-faradi- 
zation  the  time  should  be  reduced  one-half. 

Frequency  of  the  Applications. — ^The  applications  of  general 
electrization  may  be  repeated  daily,  every  other  day,  once  or  twice 
a  week,  or  by  still  longer  intervals.  Ever}*  other  day  is  about  as 
often  as  is  necessary  to  secure  the  full  tonic  results  of  the  treat- 
ment ;  but  patients  who  are  so  situated  that  they  can  take  the 
treatment  but  a  short  time  may  receive  an  application  daily, 
provided  they  are  not  in  a  condition  of  unusual  debility,  or  are  not 
more  than  ordinarily  susceptible  to  the  current. 

Some  of  our  very  best  results  have  been  obtained  oji  patients 
who  have  received  applications  daily,  and  for  a  number  of  weeks 
in  succession. 

It  is  not  well,  however,  to  give  thorough  applications  everyday 
at  the  outset  of  the  treatment,  unless  by  previous  experience  we 
have  become  acquainted  with  the  constitution  of  the  patient. 
For  the  very  nervous  and  susceptible,  and  especially  for  those 
who  complain  of  the  secondary  or  reactive  effects,  it  is  often 
necessary  to  give  intervals  of  several  days,  at  least  until  the  per- 
manent tonic  effects  begin  to  be  developed. 

Patients  who  are  peculiarly  susceptible  to  other  tonics  are  also 
susceptible  to  general  electrization,  and  accordingly  need  longer 
intervals  than  usual  between  the  seances. 

Persistence  in  the  Treatment.  —  For  the  majority  of  cases,  the 
treatment  by  general  electrization,  in  order  to  secure  its  full 
results,  must  be  persistent.  The  reasons  why  this  perseverance 
is  demanded  are  quite  obvious.  In  ih^  first  place,  most  of  the 
diseases  and  morbid  conditions  for  which  general  electrization  is 
indicated  are  exceedingly  chronic  in  their  character.  It  is  ne- 
cessary ever  to  keep  in  mind  the  emphatic  words  of  the  great 
Trousseau,  "  Chronic  diseases  demand  chronic  treatment,"  what- 
ever may  be  the  method  employed. 
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It  is  a  law  of  disease,  that  morbid  states  which  have  long  been 
in  progress  must  be  correspondingly  long  in  tlieir  recession  ;  and 
to  this  law  diseases  treated  by  general  electrization  cannot  pre- 
sent any  exception. 

Secondly,  Tonic  remedies  of  all  kinds,  external  and  internal, 
are  always  more  or  less  slow  in  their  action. 

While  great  and  beneficial  effects  are  often  derived  from  two  or 
three  applications,  a  complete  or  approximate  cure  of  long-stand- 
ing morbid  conditions,  such  as  dyspepsia,  hypochondriasis,  ner- 
vous exhaustion,  hysteria,  paralysis,  can  only  be  achieved  by 
persistent  treatment,  varying  the  strength  of  the  current  and  fre- 
quency of  the  applications  according  to  the  progress  which  is 
made. 

The  length  of  time  over  which  the  treatment  should  be  extend- 
ed may  range  from  one  week  to  several  months,  with  longer  or 
shorter  intervals,  according  to  circumstances.  Intervals  of  one 
or  more  weeks  should  be  occasionally  allowed  in  all  protracted 
cases  when  the  sittings  are  held  as  often  as  every  other  day.  It 
is  sometimes  observed  that  patients  recover  more  rapidly  during 
these  intervals  than  while  the  treatment  is  in  progress. 

It  is  needless  to  say  that  mild  and  recent  attacks  are  often  dis- 
sipated by  one,  two,  or  three  applications. 

Comparing  the  history  of  all  of  our  cases,  we  find  that  the  aver- 
age number  of  applications  administered  to  each  successful  case 
is  about  10-15,  and  the  length  of  time  over  which  the  treatment 
was  extended  2^-^  weeks. 

The  Use  of  the  moistened  Hand  cls  an  Electrode  to  the  Head  and 
Sensitive  Parts, — The  advantages  which  the  moistened  hand 
sometimes  possesses  over  the  sponge  in  general  faradization  are 
the  following  : — 

I.  In  certain  cases  it  is  more  effective.  It  is  but  a  truism  to  as- 
sert that  no  fonn  of  electrode  that  human  skill  shall  ever  devise 
can  ever  compare  with  the  hand  in  flexibility  and  power  of  adap- 
tation. Its  shape,  its  flexibility,  the  number  and  arrangement  of 
the  fingers,  and  the  vast  and  delicate  combinations  of  movement 
of  which  they  aie  so  readily  capable — all  these  familiar  and  won- 
derful characteristics  of  the  hand,  united  to  the  peculiar  softness 
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of  the  skin,  and  the  lightness  with  which  it  can  touch,  or  press,  or 
handle,  render  it  superior  for  the  nicer  processes  of  general  elec- 
trization to  any  artificial  arrangements  of  which  the  genius  of  man 
could  conceive. 

It  is  oftentimes  more  effective  as  an  electrode  than  the  sponge, 
partly  because  it  allows  of  the  use  of  a  stronger  current  with  less 
pain,  and  partly  because  the  fingers  can  press  firmly  but  painlessly 
by  the  borders  of  muscles,  along  the  nerve-tracts,  and  over  minute 
"  motor  points  "  of  the  surface,  where  the  simple  mechanical  pres- 
sure of  the  metal  or  sponge  would  be  intensely  disagreeable. 

2.  It  is  more  agreeable  to  the  patieiH.  For  applications  to  the 
head  and  sides  of  the  neck,  the  brachial  plexus,  stomach,  and 
even  the  anns,  the  use  of  the  hand  electrode  is  a  very  great  con- 
venience ;  and  we  not  unfrequently  meet  with  patients  who  are 
so  sensitive  and  so  fearful  that  they  will  not  endure  even  the 
softest  sponge  on  any  portion  of  the  body,  or  at  any  stage  of  the 
treatment.  To  apply  a  mild  faradic  current  to  the  forehead 
and  crown  of  the  head,  with  the  softest  sponge  and  largest 
possible  surface,  is  at  best  an  unpleasant  process  for  a 
strong  man  in  perfect  health,  and  for  the  delicate  invalid  is 
often  unendurable  ;  but  when  the  hand  of  the  operator  is  made 
an  electrode,  the  operation  of  faradizing  the  most  sensitive  por- 
tions of  the  head  may  be  made  not  only  tolerable,  but  posi- 
tively agreeable.  The  same  principle  applies,  to  a  less  degree, 
to  applications  to  the  neck,  face,  brachial  plexus,  nerve-tracts  of 
the  arm  and  stomach.  Except  in  cases  of  severe  local  disease  or 
unusual  debility,  the  sponge  can  be  borne  down  the  spine,  over 
the  abdomen,  and  down  the  lower  extremities  without  great  diffi- 
culty.    Yet  even  to  this  rule  there  are  exceptions. 

3.  //  keeps  the  operator  continually  informed  of  the  strength  of  the 
current y  and  thus  enables  him  to  carefully  graducUe  it,  according  to 
the  sensitiveness  of  each  locality. 

As  the  current  passes  through  his  own  person  the  operator  can 

judge,  by  his  own  sensations,  whether  it  is  too  strong  or  too  weak, 

and,  by  increasing  or  diminishing  the  grasp  of  his  other  hand  on 

the  sponge,  can  modify  the  strength  of  the  application  without 

disturbing  his  apparatus. 

10 


2i8  General  Electrization — Modus  Operandi, 

The  use  of  the  hand  as  an  electrode  enables  the  operator  to 
instantly  modify  the  applications  in  any  of  the  various  degrees  of 
weakness  and  strength,  and  also  to  suspend  the  passage  of  the 
current  instantaneously  without  shock  or  violence. 

That  most,  if  not  all,  of  the  tonic  effects  of  general  electriza- 
tion can  be  obtained  in  perhaps  the  majority  of  patients  by  the 
use  of  the  sponge,  there  can,  we  think,  be  no  question  ;  but  the 
use  of  the  hand  of  the  operator,  according  to  the  principles  above 
indicated,  enables  us  to  achieve  these  results,  and  with  less  dis- 
comfort to  the  patient,  in  those  peculiarly  sensitive  cases  where 
the  artificial  electrode  couldTnot  be  borne  at  all.  Very  many  of 
our  patients  we  treat  only  with  artificial  electrodes. 

To  sum  up,  in  a  word,  it  is  a  convenience  and  oftentimes  a 
positive  assistance  for  the  operator  to  be  able  and  willing  to  use 
his  hand  in  applications  to  sensitive  parts  and  nervous  patients, 
but  for  the  majority  of  cases  it  is  sufficient  to  use  a  large  soft 
sponge.  In  general  galvanization  or  galvano-faradization  the 
hand  is  rfever  employed 

Effects  of  the  Current  on  the  Operator, — When  the  operator 
uses  his  one  hand  as  an  electrode  the  current  must  pass  through 
his  person,  that  is  through  his  arms  and  shoulders^  from  the  hand 
which  grasps  the  sponge  to  the  one  which  is  applied  over  the  pa- . 
tient. 

The  power  to  maintain  perfect  control  of  the  hands  and  fingers 
against  the  force  of  a  strong  current  is  only  to  be  acquired  by 
long  and  persevering  practice.  The  mild  current  that  is  used  for 
the  head  and  very  sensitive  patients  any  operator  can  easily  bear. 

The  question  now  arises.  What  effect  must  the  operator  experi- 
ence from  the  repeated  passage  of  the  electric  currents  through 
his  own  person  ? 

It  should  be  understood,  at  the  outset,  that  the  current  does  not 
directly  affect  the  whole  person  of  the  operator,  nor  indeed  any 
of  the  prominent  organs,  and  that  only  the  faradic  current  is 
used  in  this  way.  The  cunent  passes  from  hand  to  hand,  through 
the  arms  and  shoulders,  and  does  not  reach  or  directly  influence 
the  brain  or  any  of  the  organs  of  the  chest  or  of  the  abdomen. 
The  neck  and  shoulders  constitute  a  wide  pathway  through  the 
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moist  tissues,  of  which  the  currents  become  so  difTused  that  they 
affect  the  parts  but  feebly. 

Reasoning,  then,  from  theory  and  probability,  it  would  seem 
that  the  effect  of  the  current,  when  it  thus  passes  through  the 
body  of  the  operator,  must  be  chiefly  felt  in  the  muscles  of  the 
arms  and  but  very  slightly  on  the  general  system. 

These  deductions  of  theory  are  confirmed  by  experience. 

The  temporary  effects  experienced  by  the  physician  who  em- 
ploys general  faradization  to  any  great  extent  through  his  own 
person,  art : — 

Increase  in  the  rapidity  of  the  circulation,  and  slight  weari- 
ness or  exhaustion,  sometimes  accompanied  by  perspiration. 

The  secondary  or  reactive  effect  is  a  feeling  of  soreness  in  the 
wrists  and  muscles  of  the  arms.  This  is  caused  by  the  vigorous 
and  repeated  muscular  contractions  that  are  produced  by  the  cur- 
rent, and  is  the  same  in  kind  with  the  general  soreness  that  is  ex- 
perienced by  the  patient  at  the  outset  of  the  treatment.  It  is  not 
usually  felt  from  mild  currents,  such  as  are  applied  to  the 
head,  and  after  a  few  weeks  of  daily  practice  it  is  no  longer 
observed. 

This  effect  is  nearly  the  same  as  that  which  is  experienced 
afler  gymnastic  or  other  muscular  exercise.  Within  certain  Hmits 
it  is  exhilarating  and  refreshing,  but  by  treating  a  large  number  of 
patients  in  succession  in  this  way,  it  is  possible  to  become  exces- 
sively  wearied. 

The  permanent  effects  of  the  current  on  the  person  of  the  ope- 
rator are  : — 

I.  To  cause  very  marked  and  sometimes  rapid  growth  of  the 
muscles  of  the  arms. 

The  explanation  of  this  phenomenon  is  sufficiently  easy.  The 
muscular  contractions  that  are  produced  by  the  current  in  its  pas- 
sage through  the  arms  cause  increase  of  the  local  processes  of 
waste  and  repair,  and  accordingly  the  muscles  increase  in  size, 
just  as  they  naturally  do  under  the  influence  of  any  other  form  of 
active  or  passive  exercise.  This  mechanical  explanation  would 
be  of  itself  sufficient,  but,  in  addition,  it  is  entirely  probable  that 
the  electric  current  exercises  a  direct  and  specific  influence  on 
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the  neire  branches^  which  effect  is  expressed  br  the  increased 
size  and  vigor  of  the  muscles  through  which  the  nenres  rami^. 

In  our  own  persons  this  development  of  the  muscles  of  die 
arms  has  been  so  very  decided  as  to  surprise  both  ourselves  and 
our  friends.  It  began  to  force  itself  on  our  attention  a  few 
weeks  after  we  conmienced  to  give  special  attention  to  gen- 
eral electrization,  and  at  the  present  time  it  is  fully  as  marked  as 
ever.  Both  arms  of  each  one  of  us  have  not  only  increased  much 
in  size  by  actual  measurement,  but  also  correspondingly  in 
strength  and  hardness.  This  effect  is  obser\-ed  in  the  arm  and 
forearm,  but  most  decidedly  in  the  muscles  which,  from  their  po- 
sition or  nerve  supply,  contract  most  readily  and  vigorously 
when  the  cturent  passes  from  hand  to  hand — such  as  the  deltoid, 
bracbialis  anticus,  biceps,  and  the  flexors  and  extensors  of  the 
forearm.  This  same  effect  has  been  noticed,  to  a  greater  or  less 
degree,  by  our  students,  and,  so  far  as  we  have  been  able  to 
ascertain,  by  others,  who  have  employed  electricity  through  their 
own  i>crsons  for  any  considerable  period.  This  development  of 
the  arms  seems  to  progress  up  to  a  certain  limit,  at  which  it  re- 
mains. 

2.  A  very  gradual  but  decided  tonic  influence  on  the  system. 
This  effect  is  so  exceedingly  slight,  that  in  a  ver^'  hardy  and  vigor- 
ous person  it  would  not  be  recognized.  That  the  current,  in 
passing  from  hand  to  hand  so  frequently  and  so  long,  should,  in 
the  course  of  time,  mildly  affect  the  general  system,  is  entirely 
probable.  Like  any  other  muscular  exercise  of  the  arms — 
gymnastics  and  the  use  of  the  clubs — its  influence,  so  far  as  it 
goes,  must  be  positively  toning  and  beneficial  to  the  constitution. 

Still  further,  it  is  probable  that  even  the  faradic  current, 
widely  diffused  and  weakened  as  it  must  be,  when  it  reaches  the 
neck  and  shoulders,  may  yet  affect,  in  a  very  gentle  manner,  and 
to  an  exceedingly  limited  extent,  that  portion  of  the  sympathetic 
and  central  nervous  system  through  which  it  must  pass. 

Whether  we  account  for  this  slight  improvement  in  the  general 
health  of  the  operator,  who  thus  allows  the  current  to  pass  through 
his  person  by  any  one^  or,  as  is  most  rational,  by  all  of  these  theo- 
ries, the  settled  fact  remains  that  such  effects  have  been  prac- 
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tically  demonstrated  in  a  number  of  cases.  This  slight  improve- 
ment is  observed  only  for  a  few  months  ;  like  the  increase  of  the 
muscles,  it  reaches  a  limit  beyond  v/hich  it  does  not  pass. 

It  also  seems  equally  clear  that  the  operator  is  not  usually,  if 
ever,  injured  by  employing  the  current  through  his  own  person. 
As  already  remarked,  we  observed  at  first  in  our  own  persons  slight 
though  decided  benelit,  and  since  that  time  we  have  been  able  to 
trace  no  injurious  results.*  Two  or  three  instances  have  been 
brought  to  our  notice  where  injurious  results  were  supposed  to 
have  been  produced  by  long-continued  use  of  powerful  faradic 
currents  through  the  person.  The  evidence,  however,  was  rather 
unsatisfactory,  and  yet  it  is  not  improbable  that  certain  tempera- 
ments might  be  injured  in  this  way. 

We  have  spoken  in  detail  of  this  part  of  the  subject,  not  be- 
cause we  regard  it  as  indispensable  for  success  in  general  electri- 
zation that  the  current  should  pass  throngh  the  body  of  the 
operator,  but  because  the  effects  here  described  so  clearly  de- 
monstrate the  power  of  the  faradic  current  over  nutrition.  The 
majority  of  practitioners  who  use  general  faradization,  will  either 
not  pass  the  current  through  their  own  persons  at  all,  or  will  do  it 
so  seldom  that  the  effects  on  themselves  will  be  of  a  negative 
character. 


•  Wm.  Miller,  of  this  city,  a  gentleman  of  the  utmost  reliability,  informs  us 
thai  for  over  twenty-five  years  he  hai  allowed  the  current  to  pass  through  his  body 
on  an  average  about  tive  hours  each  day.  When  he  began  his  experiments 
with  K\ivf,  system  of  treatment  he  was  in  comparatively  feeble  health,  but 
during  nearly  all  this  long  period  his  general  condition  has  not  only  been  ex- 
ceptionally sound,  but  he  seems  to  have  been  poMtively  improved.  Very 
few  of  his  contemporaries  have  been  so  little  interrupted  by  ill  health  of  any 
form,  and  he  has  suffered  from  no  disease  that  could  be  even  remotely  ascribed 
to  electricity. 


CHAPTER  X. 
EFFECTS  OF  GENERAL  ELECTRIZATION, 

The  stimulating  tonic  effects  of  general  electrization  may  be 
subdivided  into  three  classes  : — 

1.  Those  which  are  experienced  during  or  immediately  after 
treatment. — Primary  or  stimulating  effects^ 

2.  Those  which  are  experienced  one  or  two  days  subsequent 
to  the  treatment. — Secondary  or  reactive  effects, 

3.  Those  which  remain  in  the  system  as  a  permanent  result  of 
treatment. — Permanent  or  tonic  effects. 

Many  patients,  perhaps  the  majority,  experience  after  each 
skance,  di  feeling  of  enlivenment  and  exhilaration^*  that  often  lasts 
for  several  hours.  With  some  this  feeling  of  exhilaration  is  very 
positive  and  decided;  with  others  it  is  but  just  perceptible. 
Others,  again,  experience  a  disposition  to  sleep  after  treatment, 
quite  similar  to  that  which  is  felt  after  a  bath  in  the  surf. 

These  effects  are  by  no  means  constant.  Some  patients — even 
those  who  experience  the  secondary  and  permanent  efiects  of  gen- 
eral electrization  to  their  fullest  extent — do  not  observe  any  tem- 
porary enlivenment  or  drowsiness ;  or  at  least  any  more  than 
would  naturally  be  felt  from  the  exercise  of  undressing  and  dress- 
ing, or  from  the  friction  of  the  hand  or  sponge  over  the  surface  of 
the  body. 

Relief  of  pain  and  local  or  general  weariness  is  a  very  frequent 
as  well  as  very  agreeable  temporary  effect  of  general  electrization, 
and  one  which,  more  perhaps  than  any  other,  tends  to  inspire  the 
doubting  patient  with  confidence  in  the  efficacy  of  this  method  of 

♦  On  account  of  this  temporary  hypnotic  effect  of  general  electrization,  it  is 
oftentimes  well  to  employ  it,  especially  on  patients  who  are  greatly  troubled 
with  insomnia,  in  the»evening,  a  little  while  before  retiring. 


Temporary  or  SHmulating  Effects.  223 

treatment.  Patients  who  sulTer  from  indefinable  nervous  pains  in 
the  head,  back,  side,  and  stomach,  or  from  weakness  in  the  limbs, 
frequently  appreciate  relief  even  in  the  midst  of  the  application. 
This  reUef  usually  lasts  for  several  hours,  and  in  some  cases  may 
become  permanent. 

But  all  these  temporary  effects  of  general  electrization  are 
variously  modified  by  the  age,  the  nature  of  the  constitution,  the 
condition  of  the  system,  the  character  of  the  disease,  the  quality 
of  the  current  used,  and  the  length  of  the  application.  Sensitive 
patients  are  sometimes,  in  exceptional  cases,  so  completely  over- 
powered even  by  a  gentle  application,  that  they  desire  at  once  to 
recline  on  a  lounge.  In  some  very  exceptional  cases,  this  sensa- 
tion of  faitttness,  especially  when  felt  at  the  outset  of  the  treat- 
ment, is  probably  more  the  result  of  the  mental  impression  from 
exaggerated  ideas  in  regard  to  the  return  of  the  applications,  than 
of  the  current  itself.  These  sensations  of  faintness  and  weakness, 
however,  are  very  exceptional — even  with  nervous  patients  are 
but  temporary,  and  can  always  be  avoided  by  proper  caution. 

Cold  perspiration  on  the  hands  and  feet,  shaking  of  the  limbs  or 
of  the  whole  body,  are  occasionally  observed  during  or  immediately 
after  an  application  of  general  electrization.  They  are  observed 
only  in  the  very  sensitive  or  nervously  exhausted,  or  in  those 
suffering  from  severe  central  disease.  The  occurrence  of  the 
former  symptom  may  be  regarded  as  diagnostic  of  heightened  ner- 
vous susceptibility,  that  may  or  may  not  be  dependent  on  organic 
disease  of  the  central  nervous  system.  It  is  observed  in  hysteria, 
nervous  dyspepsia,  and  nervous  exhaustion,  and  disappears  as  the 
patient  grows  stronger  and-  more  accustomed  to  the  treatment. 
Shaking  of  the  limbs  or  of  the  whole  body  only  occurs  in  serious 
central  diseases.  It  is  observed  in  hemiplegia  and  softening  of 
the  brain,  and  is  always  a  bad  symptom. 

Unpleasant  effects  are  more  likely  to  occur  from  the  galvanic 
current  than  from  the  faradic.  Giddiness,  vertigo,  faintness, 
headache,  and  symptoms  of  cerebral  congestion  may  appear  after 
the  galvanic  current  has  been  applied  to  the  head  or  neck,  espe- 
cially if  the  current  has  been  strong,  or  the  application  loo  pro- 
tracted.    These  symptoms  are  sometimes  felt  instantaneously  as 
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soon  as  the  pole  of  the  galvanic  current  touches  the  head  or  neck, 
but  are  rarely  experienced  when  the  same  current  is  applied  to 
other  portions  of  the  body. 

All  these  disagreeable  symptoms  so  arising  from  an  injudicious 
application,  like  similar  effects  from  injudicious  use  of  other 
tonics,  physical  exercise,  the  shower-bath,  etc.,  are  not  usually  of 
any  permanency  whatever.  Indeed,  they  are  entirely  consistent 
with  permanently  good  results ;  but  they  are  apt  to  annoy  and 
alarm  the  patient,  and  for  that  reason,  if  for  no  other,  they  should 
be  avoided. 

The  Temperature  may  be  immediately  influenced  by  general 
electrization. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  equalizer. 
Patients  afflicted  with  nervous  diseases  are  apt  to  suffer  from  cold 
feet  and  hands,  and  from  creeping  chills  over  the  body.  The 
equalizing,  warming  effect  of  general  electrization  on  such  patients 
is  most  decided  and  agreeable,  and  is  so  positively  realized,  even 
in  the  midst  of  the  seance^  that  neither  the  bare  feet  nor  the  ex- 
posed trunk  suffer  from  the  cold,  provided  the  air  of  the  operating 
room  is  of  even  a  moderate  temperature. 

The  effects  of  general  electrization  on  the  pulse  are  quite  inter- 
esting and  suggestive. 

In  a  large  number  of  cases  we  have  carefully  counted  the  pulse, 
and  also  observed  its  quality  just  before  and  just  after  the  treat- 
ment. The  results  of  some  of  these  observations  are  presented 
below  : — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  espe- 
cially of  nervous  invalids,  to  the  influence  of  mental  impression, 
we  have  found  it  necessary,  in  order  lo  avoid  error,  to  make  re- 
peated examinations  before  and  after  the  sitting. 

The  conclusion,  from  our  very  large  number  of  observations  in 
regard  to  the  influence  of  general  electrization  on  the  pulse  in 
chronic  diseases,  is  that  the  general  action  of  the  pulse  is  that 
of  a  sedative. 

When  it  is  high  it  depresses  it  more  or  less,  and  usually  in  pro- 
portion to  the  degree  of  the  exaltation  above  the  normal  standard. 
When  it  is  low  it  raises  it  more  or  less,  and  usually  in  proportion 
to  the  degree  of  the  depression  below  the  normal  standard.  In 
nervous  and  excitable  patients,  the  effect  of  general  electrization 
on  the  pulse  is  much  more  marked  than  in  the  cold  and  plileg- 

The  immediate  effect  on  the  appetite  is,  in  rare  instances,  so 
marked  that  the  patient  at  once  feels  desire  for  food,  and  at  the 
next  meal  eats  a  much  larger  quantity  and  with  far  keener  relish 
than  usual. 

Sensitive  patients  are  now  and  then  compelled  to  evacuate 
their  bladder  or  rectum  immediately  after  or  even  in  the  midst  of 
the  application,  and  the  urinary  secretion  is  occasionally  increased. 

But  all  these  effects  of  general  electrization  on  the  functions  of 
special  organs  are  incidental  and  occasional,  and  are  not  to  be 
expected  with  any  uniformity  or  constancy.  Weariness  of  certain 
parts,  as  the  eye,  brain,  spine,  and  muscles,  is  usually  more  or 
less  relieved. 

Secondary  or  Reactive  Ejects. — The  secondary  or  reactive 
effects  of  general  electrization  are  those  which  are  experienced 
for  a  day  or  two  following  an  applieation.  These  effects  are 
probably  not  observed  in  more  than  half  of  the  cases,  and  usual- 
ly only  at  the  outset  of  the  treatment. 

Soreness  in  the  muscles  of  the  neck,  trunk,  and  upper  extremi- 

*  Comparing  gcncmt  HirailiEBtion  and  galvaniialion  of  (he  sympalhetic  in 
their  eflccts  on  the  pulse,  on  sleep,  and  on  the  circulaljon,  it  would  apjiear 
that  in  ihe  fonner  method  the  rymfathctU  and  pneumogastric  must  be 
decidedly  aflecied.     (Sec  chapter  on  Sympathetic. ) 
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ties  is  unquestionably  the  most  frequent  of  the  secondary  symp- 
toms of  general  electrization,  and  the  one  which  patients  are 
soonest  to  observe  and  describe.  This  muscular  soreness  is 
quite  similar  to  that  which  is  so  commonly  felt  after  taking  a 
slight  cold,  or  after  exercising  in  the  gymnasium.  It  is  the  result 
of  the  muscular  contractions  that  are  produced  by  the  electric 
current.  They  usually  pass  off  in  two  or  three  days,  and  are 
scarcely  observed  at  all  after  the  patient  has  once  become  accus- 
tomed to  the  treatment.  By  making  the  first  tentative  applica- 
tions gentle  and  short,  it  is  possible  to  avoid  entirely  this  subse- 
quent muscular  soreness,  and  in  very  feeble  or  very  timid  patients 
we  should  always  endeavor  to  do  so. 

Indefinable  nervousness  is  another  occasional  secondary  effect 
of  general  electrization,  and  one  that  often  gives  rise  to  idle  and 
unnecessary  alarm.  Like  the  soreness  of  the  muscles,  it  usually 
passes  off  in  a  day  or  two,  and  is  not  commonly  experienced  after 
the  patient  has  become  accustomed  to  the  treatment. 

Weariness  and  exhaustion  may  be  experienced  by  this  class  of 
patients  for  several  days  after  an  injudicious  application.  It  is  a 
very  interesting  and  important  fact,  that  these  annoying  secondary 
symptoms  of  weariness  and  exhaustion  are  oftentimes  experienced 
to  their  fullest  extent  by  patients  on  whom  the  immediate  effects 
for  a  few  hours  succeeding  the  application  are  only  agreeable. 
On  account  of  this  fact,  the  inexperienced  electro-therapeutist 
may  be  unpleasantly  deceived,  and  from  the  temporary  enliven- 
ment  of  his  patient  may  suppose  that  his  application  has  been 
thoroughly  successful,  until  the  distressing  secondary  effects, 
continuing  perhaps  for  several  days,  show  most  clearly  that  it  has 
been  either  too  strong  or  too  protracted. 

Exacerbation  of  special  symptoms — such  as  neuralgia,  headache, 
insomnia,  etc. — ^may  sometimes  secondarily  ensue  from  an  over- 
dose of  general  electrization. 

Although  it  is  proved  by  experience  that  such  unpleasant  re- 
sults only  temporarily  interfere  with  the  final  success,  yet  their 
occurrence  powerfully  tends  to  discourage  the  patient,  and  should 
therefore  be  avoided  by  making  the  first  applications  short,  and 
with  a  mild  current.     In  one  very  intelligent  patient  the  symp- 
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toms  were  so  marked  that  he  supposed  the  application  caused  him 
to  take  cold. 

Permanent  or  Tonic  Effects, — To  designate  any  precise  time 
or  stage  of  the  treatment  when  these  tonic  effects  are  to  be  looked 
for,  is  manifestly  impossible.  Like  the  tonic  effects  of  other 
analogous  internal  or  external  remedies,  the  time  of  their  appear- 
ance must  be  variously  modified  by  the  nature  of  the  disease,  the 
constitution  of  the  patient,  and  the  skill  and  perseverance  of  the 
treatment  They  may  appear  early  in  the  treatment,  developing 
themselves  with  great  rapidity ;  or  they  may  remain  latent  until 
after  the  applications  are  abandoned,  and  then  advance  with  sure 
and  steady  progress.  They  may  be  so  rapidly  manifested  at  the 
commencement  of  the  treatment  as  to  cause  us  to  suspect  them 
to  be  more  the  result  of  mental  impression  than  of  the  applications  ; 
and,  on  the  other  hand,  they  may  develop  themselves  so  long 
after  the  treatment  as  to  suggest  the  doubt  whether  they  are  not 
as  much  due  to  nature  and  time  as  to  the  direct  electric  influence. 

Among  these  tonic  effects  of  general  electrization,  those  which 
chiefly  attract  the  attention  and  are  of  the  principal  importance 
are  the  following  : — 

Improvement  in  the  Sleep. — This  symptom  comes  first  in  our 
analysis  of  the  permanent  effects  of  general  electrization,  because 
it  is  one  of  the  first  to  be  appreciated  and  observed  by  the  pa- 
tient. As  insomnia  is  the  most  constant  and  universal  symptom 
of  those  various  nervous  conditions  for  which  general  electrization 
is  indicated,  just  so  is  its  relief  or  cure  the  first  and  leading  evi- 
dence that  the  treatment  is  having  its  desired  effect.  As  already 
mentioned,  inclination  to  sleep  is  one  of  the  immediate  symptoms 
of  the  applications,  and  may  come  on  even  in  the  midst  of  the 
seance  ;  but  the  improvement  in  the  sleep  of  which  we  here  speak, 
as  a  permanent  effect,  is  appreciated  during  the  intervals  of  treat- 
ment, and  long  after  it  has  been  suspended. 

Tho  importance  of  improvement  in  the  sleep  for  nervous  in- 
valids cannot,  of  course,  be  over-estimated.  Slee[)  is  food  for  the 
nerves.  To  a  limited  extent  it  supplies  the  place  of  ordinary 
food,  and  that  too  without  taxing  the  organs  of  digestion.  It  is 
an  exceedingly  suggestive  and  pleasing  fact,  that  insomnia,  which 
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is  so  often  the  earliest  and  most  persistent  symptom  of  nervous 
disorder,  should  also  receive  the  earliest  and  most  permanent 
relief  from  general  electrization. 

Increase  of  Appetite  and  Improvement  in  Digestion, — Increase 
of  appetite  and  improvement  in  the  digestion  is  not  so  early  nor 
as  constant  a  symptom  as  improvement  in  the  sleep. 

In  exceptional  cases  it  may  be  due  entirely  to  the  direct  effect 
of  the  current  on  the  stomach  and  pneumogastric  nerve,  and  for 
that  reason  it  is  always  well,  in  cases  of  dyspepsia,  to  give  special 
attention  to  these  parts ;  but  in  the  majority  of  instances  it  is  the 
result  of  the  general  tonic  impression  made  on  the  whole  system. 

It  is  by  no  means  a  constant  or  uniform  effect,  even  in  those 
cases  where  it  would  seem  to  be  needed,  and  where,  too,  in  all 
other  respects,  great  and  lasting  benefit  is  derived  from  the  treat- 
ment. Some  patients  who  are  permanently  relieved  of  neuralgia, 
of  insomnia,  and  of  muscular  and  nervous  debility,  yet  observe 
no  decided  improvement  in  their  digestion.  Such  cases,  how- 
ever, are  quite  exceptional. 

Regulation  of  tlie  Bowels. — Constipation  sometimes  yields  very 
early  in  the  treatment.  The  temporary  effect  is  probably  due,  in 
many  instances  certainly,  to  the  direct  mechanical  action  of  the 
current  on  the  intestines  ;  but  permanent  relief,  either  of  consti- 
pation or  of  diarrhoea  of  the  nervous  variety,  is  not  to  be  expected 
until  the  indigestion  and  general  debility  on  which  they  depend 
have  first  been  corrected. 

Improvefnent  in  the  Circulation. — Permanent  equalization  of 
the  circulation  is  most  observed  in  cases  of  dyspepsia,  nervous 
exhaustion,  hysteria,  and  similar  conditions  with  which  defective 
circulation  is  so  frequently  associated.  It  is  tlien  the  result  of 
the  improvement  in  the  assimilative  power  and  nutrition  of  the 
system. 

In  paralysis  caused  by  central  lesions,  the  permanent  improve- 
ment in  the  circulation  is  usually  slow,  but  almost  always  (luite 
decided. 

Relief  of  Nervousness  and  Mental  Depression. — ^The  indefinite, 
'  though  very  well  recognized,  condition  which  we  term  nervous- 
ness, and  the  indefinable  mental  agony  that  fonns  so  prominent 
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and  so  distressing,  a  symptom  in  hypochondriasis,  hysteria,  dys- 
pepsia, exhaustion,  and  other  nervous  conditions,  yield  to  general 
electrization  more  surely  and  rapidly  than  to  any  other  method  of 
treatment  mth  which  we  are  familiar. 

Relief  of  nervousness  is  sometimes  observed  quite  early  in  the 
treatment. 

These  symptoms  of  nervousness  and  mental  depression  are 
very  apt  to  occur  even  in  the  midst  of  a  course  of  treatment,  but 
by  long  perseverance  are  oftentimes  entirely  dispelled. 

The  remarkable  ease  and  success  with  which  general  electriza- 
tion relieves,  at  least  for  a  seasoii,  the  horrible  depression  of  ner- 
vous invalids  is  sufficient  to  entitle  it  to  a  foremost  rank  among 
tonic  remedies. 

Relief  of  Weariness  and  Pain. — Permanent  relief  of  pain  as 
an  effect  of  general  electrization  is  most  markedly  observed  in 
the  constitutional  varieties  of  neuralgia. 

Not  only  well-defined  neuralgia,  but  the  indefinite,  wandering 
sensations  of  uneasiness  that  accompany  dyspepsia  and  nervous 
exhaustion,  may  be  permanently  driven  from  the  system. 

Patients  who  are  sutTering  from  some  organic  disease,  that  is  in 
its  very  nature  incurable,  and  that  has  reduced  the  system  to  a 
condition  of  great  exhaustion,  may  sometimes  be  greatly  invigor- 
ated by  general  electrization,  without  experiencing  any  decided 
relief  of  their  pains.  But  in  such  cases  the  strength  which  the 
constitution  acquires  from  the  treatment  fortifies  the  patient  to 
endure  suffering  with  less  annoyance,  and  therefore  practically 
amounts  to  a  diminution  of  pain. 

This  effect  is  observed  in  certain  incurable  forms  of  neuralgia, 
in  cancer,  and  other  malignant  tumors. 

Increase  in  the  Size  and  Hardness  of  the  Muscles,  and  in  the 
Weight  of  the  Body. — This  is  a  natural  result  and  accompa- 
niment of  the  improvement  in  nutrition,  and  that  it  follows  the 
use  of  the  faradic  as  well  as  of  the  galvanic  current,  sufficiently 
denionstratcs  that  power  over  nutrition  is  not  confined  to  the 
latter. 

Under  the  influence  of  protracted  treatment  by  genenil  electri- 
sation, the  muscles  are  sometimes  develo|}ed  in  sixe  as  well  a.s  in 
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firmness  to  a  degree  which  very  naturally  astonishes  those  who, 
for  the  first  time,  have  their  attention  directed  to  it.  This  in- 
crease in  size  and  quality  of  the  muscle  is,  of  course,  chiefly  ob- 
served in  those  portions  of  the  surface  of  the  body  where,  under 
the  influence  of  electrization,  contractions  are  most  easily  pro- 
duced. Therefore  we  first  look  for  this  effect  in  the  arms,  the 
legs,  and  afterwards  in  the-  chest.  This  effect  is  soonest  observed 
in  patients  who  are  comparatively  thin,  or,  at  least,  whose  muscu- 
lar tissue  predominates  over  the  adipose.  On  the  other  hand,  and 
for  obvious  reasons,  it  is  quite  rarely  perceptible  in  children,  in 
females,  or  in  the  very  corpulent  of  either  sex. 

Under  general  electrization  actual  increase  in  the  size  and 
weight  of  the  body  sometimes  takes  place  so  rapidly  and  percep- 
tibly to  the  eye  that  it  need  not  be  confirmed  by  reference  to  the 
scales.  In  other  cases,  where  patients,  either  through  curiosity 
or  accident,  have  carefully  weighed  themselves  just  before  taking 
a  course  of  treatment,  a  most  remarkable  increase  of  weight  has 
often  been  observed  in  the  course  even  of  a  few  weeks. 

This  increase  of  weight  is  simply  a  result  of  the  effect  of  the 
electric  currents  on  nutrition,  and  a  natural  sequence  of  the  im- 
provement in  the  sleep,  the  increase  of  appetite,  and  the  relief  of 
pain  and  mental  depression,  of  which  we  have  already  spoken.* 

Increased  Disposition  and  Capacity  for  Labor  of  the  Muscles 
and  of  the  Brain, — Whatever  tends,  directly  or  indirectly,  to  im- 
prove nutrition  must  of  necessity  increase  the  capacity  for  intel- 
lectual and  muscular  toil.  Accordingly  we  find  that  patients  who 
were  so  feeble  that  even  a  short  walk  or  ride  was  fatiguing,  and 
who  were  signally  deficient  both  in  the  will  and  the  capacity  for 
exertion,  soon  begin  to  develop,  under  treatment,  an  activity  and 
vigor  that  is  sometimes  surprising.  They  can  walk  farther  and 
more  vigorously,  and  with  greater  enjoyment.     They  realize  a 

♦  Legros  and  Onimus  make  the  very  just  criticism  on  the  unsuccessful  experi- 
ment of  Mons.  Bert,  that  they  rationed  the  animals  on  whom  they  experi- 
mented. Increase  of  appetite  that  ensues  from  electrization,  and  all  the  accom- 
panying stimulation  of  the  vital  processes,  will  be  of  little  avail  in  the  improve- 
ment of  nutrition  unless  sufficient  food  is  supplied  to  meet  this  increased 
demand. 
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consciousness  of  strength  to  which  before  they  were  strangers, 
and  feel  emboldened  to  exertion  from  which  they  would  formerly 
have  shrunk  with  apprehension. 

These  bracing  effects  are  even  more  perceptible  on  the  brain 
than  on  the  muscles. 

Many  who  are  badly  dyspeptic  and  thoroughly  neurasthenic  are 
yet  capable  of  severe  and  prolonged  muscular  exercise,  can  toil 
in  the  gymnasium  or  walk  all  day  without  fatigue,  and  desire 
treatment  chiefly  for  their  indisposition  and  inability  to  concen- 
trate their  mind  on  any  given  subject,  or  for  uncertainty  of 
memory.  The  benefit  which  such  patteDts  receive  is  fully  as 
marked  as  that  which  accrues  to  those  who  suffer  from  muscular 
debility.  Patients  find  that  they  can  read  with  closer  attention 
and  with  greater  zest ;  that  they  can  pursue  connected  thought 
without  fatigue,  and  endure  mental  toil  and  anxiety  that  was  once 
intolerable. 

The  cases  of  general  debility  where  none  of  these  permanent 
tonic  effects  of  general  electrization  are  realized  are  very  rare 
indeed,  and  those  that  we  do  occasionally  meet  with  are  probably 
to  be  accounted  for  by  some  hidden  but  persistent  organic  condi- 
tion that  has  escaped  our  diagnosis,  but  which  exerts  on  the  sys- 
tem a  constantly  depressing  influence  that  more  than  counteracts 
the  tonic  effiscts  of  the  treatment. 

The  genital  organs  are  frequently  corrected  in  their  functions 
by  general  electrization.  These  organs  arc  so  intimately  con- 
nected with  the  vital  parts  of  the  system  by  means  of  the  gangli- 
onic nerves  that  they  must  necessarily  share  in  all  the  good  or 
evil  effects  that  the  spine  or  the  body  receives. 

All  will  agree  that  impotence  and  weakness  of  sexual  po*er  in 
the  male,  and  amenorrhcca,  dysmenorrhcea,  and  menorrhagia  in 
the  female,  are  frequently  associated  with  and  may  be  the  results 
of  spinal  or  constitutional  debility.  We  should  therefore  expect 
that  these  diseases,  or  symptoms  of  disease,  would  be  greatly 
benefited  by  the  tonic  effects  of  general  electrization. 

Male  patients  sometimes  report  increase  of  sexual  power  even 
when  no  special  attention  is  given  to  the  genital  organs.  The 
testicles  and  the  penis  are,   however,  directly  affected  through 
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their  nerve-supply  by  applications  to  the  lower  portion  of  the 
spine.  The  same  is  true  of  the  female  genital  organs  and  ovaries 
in  the  female. 

Cases  of  weakness  or  exhaustion  of  the  eye  or  larynx  in  nervous 
patients,  where  the  ophthalmoscope  and  laryngoscope  indicate  no 
lesion,  are  sometimes  permanently  relieved  during  the  treatment. 

Concerning  these  tonic  effects  it  is  to  be  observed — 

1.  They  are  not  uniform.  They  vary  not  only  with  different 
individuals  and  diseases,  but  also  with  the  same  individual  at  dif- 
ferent periods  of  life.  Jn  some  patients  these  effects  are  only 
felt  so  long  as  they  are  under  treatment — they  become,  in  a  mea- 
sure, dependent  on  it ;  in  other  cases  the  effects  are  not  appreci- 
ated in  their  fulness  until  long  after  the  treatment  is  abandoned. 

2.  They  are  more  rapidly  appreciated  by  the  active  and  the  ner- 
vous than  by  the  cold  and  phlegmatic.  Other  conditions  being  the 
same,  a  sensitive,  impressible  organization  will  recover  more 
rapidly  under  general  electrization  than  one  of  an  opposite  tem- 
perament. 

3.  They  are  usually  as  lasting  and  permanent  as  similar  effects 
from  other  remedies  and  systems  of  treatment.  It  is  true  that 
patients  who  have  been  apparently  cured  by  general  electrization 
are  subject  to  relapses,  yet  to  no  greater  and  apparently  to  a  less 
extent  than  those  who  have  derived  similar  relief  from  internal 
medication.  .  In  considering  this  statement,  regard  should  be  had 
to  the  fact  that  the  diseases  for  which  general  electrization  is  chiefly 
indicated,  at  least  those  in  which  it  has  thus  far  been  most  suc- 
cessful, are  those  which  are  most  likely  to  relapse  under  any  or 
all  forms  of  treatment. 

Rationale  of  the  Effects  of  General  Electrization. — General 
electrization  is  to  the  whole  body  what  localized  electrization  is  to 
an  individual  part  or  organ.  All  the  mechanical,  electrotonic,  and 
catalytic  effects,  with  the  consequent  increase  of  the  processes  of 
waste  and  repair  and  improvement  in  nutrition  that  electrization 
is  capable  of  producing  in  the  living  tissues  (see  p.  83),  and 
which,  in  exclusively  localized  applications,  are  mainly  confined 
to  the  part  which  is  traversed  by  the  current,  are  in  general 
applications   appreciated  by  every  part  of  the  system.     Then, 
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again,  the  improvement  which  each  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every 
eflfect  becomes  in  its  turn  a  cause ;  the  strengthened  brain  sends 
more  nervous  force  to  the  stomach,  by  which  the  latter  is  enabled 
to  send  better  blood  to  the  brain.   ' 

Comparing  what  is  known  of  the  conductibility  of  the  tissues, 
and  the  action  of  the  electric  currents  upon  them,  with  the  ob- 
served effects  of  general  electrization,  these  effects  may  be 
regarded  as  due  mainly — 

1.  To  the  fact  tliat  the  entire  central  nervous  system  is  directly 
influenced  by  the  current.  In  an  ordinary  application  "the 
brain,  spinal  cord,  and  sympathetic  ganglia  are  all  subjected 
to  the  electrotonic,  or  catalytic  action  of  the  current.  In  most 
of  the  applications  of  central  localized  electrization  only  a  part 
of  the  central  nervous  system  is  affected  at  each  sitting.  We 
are  warranted  in  believing  that  in  nearly  all  nervous  diseases 
the  central  nervous  system  is  in  a  condition  of  greater  or  less 
exhaustion,  even  when  it  is  not  organically  diseased.  According 
to  Du  Bois-Reymond,  there  is  always  present  in  the  spinal  cord  a 
current  of  animal  electricity.  It  is  not  unreasonable  to  suppose 
that  this  current  may  become  diminished  or  disturbed  through 
local  or  constitutional  disease,  and  that  it  may  be  increased  or  cor- 
rected by  the  api)lication  of  an  electric  current  through  the  cord. 
Whether  this  increase  or  correction  of  the  current  of  animal 
electricity  takes  place  directly  or  by  the  transformation  of  nervous 
force  into  electricity,*  just  as  in  electric  fishes  nervous  force  is 
transformed  into  electricity,!  is  immaterial.  These  remarks  may 
apply  just  as  truly  to  the  brain  and  sympathetic  ganglia.  General 
electrization  also  produces  analogous  effects  on  a  large  portion 
of  the  peripheral  nervous  system,  although  with  far  less  impor- 
tant results,  because  a  majority  of  chronic  nervous  diseases  are 
associated  with  some  form  of  central  disturbance. 

2.  I'he  passive  exercise  that  results  from  the  vigorous  and  re- 
peated  muscular  contractions  produced  by  the  applications.     When 

♦  On  the  Relation  of  Electricity  to  Nervous  Force,  see  page  90. 
f  Hfjrbert  Si)encer*s  Principles  of  Biology,  vol.  i.,  pp.  48,  49. 
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the  applications  are  thoroughly  and  skilfully  made;  vigorous  yet 
agreeable  contractions  are  excited  not  only  in  all  the  superficial 
muscles,  but  in  the  deeper  layers,  and  also  of  the  contractile  fibre- 
cells  of  the  stomach,  the  intestines,  and  other  vital  organs.  The 
augmentation  of  the  manifold  processes  of  waste  and  repair 
which  a  single  sitting  causes  in  the  muscles  and  abdominal  organs 
would  alone  powerfully  influence  nutrition,  even  though  the  elec- 
tric current  exerted  no  direct  efiect  on  the  nervous  system. 

That  the  tonic  effects  of  general  electrization  are  very  largely 
due  to  the  passive  exercise  which  it  produces  is  proved  clinically 
by  the  fact  that  when  a  current  too  feeble  to  cause  muscular  con- 
tractions is  used,  or  when  the  muscles  are  neglected,  the  tonic 
as  well  as  the  primary  effects  of  the  treatment  are  much  less 
marked. 
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In  order  to  determine  the  differential  indications  for  the  use  of 
localized  and  general  electrization  we  need  to  consider  these  four 
facts : — 

First,  That  general  electrization  directly  affects  the  whole  body, 
while  in  localized  electrization  the  direct  action  of  the  current  is 
mainly  confined  to  the  part  to  which  the  application  is  made. 

Secondly,  That  general  electrization  may,  by  sympathetic  or  reflex 
action,  indirectly  have  a  special  tlierapeutic  influence  on  some 
special  part  or  organ,*  while  localized  electrization  of  any  part, 
but  especially  of  the  sympathetic  or  cerebro- spinal  axis,  by  sympa- 
thetic or  reflex  action,  may  indirectly  have  a  general  therapeutic 
influence  on  the  whole  body. 

Thirdly,  Electrization,  when  properly  performed,  very  rarely  in- 
jures, and  usually  more  or  less  beneiits,  even  those  parts  which  are 
in  comparative  or  absolute  health.  This  consideration  has  an  im- 
portant practical  bearing,  especially  in  tlie  use  of  general  electri- 
zation, in  cases  of  doubt  as  to  the  seat  of  the  disease, 

•  Brown-Sfiquard  and  Lombard  (Archives  de  PhyHol.,  November  and 
December,  1869)  have  shown  thai  when  one  arm  is  pinched  the  temperature 
of  that  arm  slightly  u^tA,  and  ihat  of  the  opposite  arm  foils.  Dr.  James  J. 
Putnam  (Uostun  Medical  and  Sui^cal  Journal,  June  23,  1S70)  has  shown  by 
a  series  of  experiments  on  frogs  ttial  elcclriiation  of  one  foot  caused  reflen 
contractions  of  the  blood-vessels  in  the  web  of  the  fool  of  the  opposite  side. 
These  experiments,  taken  in  coimection  with  the  fact  that  nutrition  is  closely 
related  to  circulation,  would  render  it  clearly  probable  that  reflex  action  is  an 
imporlant  factor  of  the  results  of  application  of  electricity,  and  cspi?cial1y  of 
general   electrization,   where  the  extremities    are    directly   affected   by   the 


236      Indications  for  General  and  Localized  Electrization. 

Fourthly^  In  nearly  all  cases  it  is  important,  and  in  many  it  is 
indispensable,  that  the  applications  should  be  made  to  the  seat  of 
the  disease  as  well  as  to  the  locality  of  the  symptom.  Scientific 
electro-therapeutics,  therefore,  requires  the  most  accurate  prelimi- 
nary diagnosis ;  above  all,  it  is  important  to  rigidly  discriminate 
between  diseases  which  are  of  a  constitutional  and  those  which 
are  of  a  local  (that  is  central,  peripheral,  or  reflex)  origin. 

From  these  fundamental  considerations  we  logically  derive  the 
general  law  that  constitutional  diseases  are  better  treated  by  gener- 
al^ and  local  diseases  by  localized  electrization. 

More  specifically,  experience  demonstrates  that  pf  those  large 
variety  of  diseases  for  which  applications  of  electricity  are  found 
useful,  localized  electrization  is  specially  and  exclusively  indi- 
cated. 

1.  In  those  cases  where  both  the  origin,  the  seat,  and  the  effects 
of  the  disease  are  restricted  to  certain  portions  of  the  organism, 
with  but  slight  or  imperceptible  influence  on  the  system  at  large. 
Under  this  head  are  included  nearly  all  peripheral  and  many  cen- 
tral and  reflex  paralyses  and  neuralgias,  eflusions,  sprains,  and 
local  injuries,  and  also  many  of  the  diseases  of  the  eye,  ear, 
Lm-nx,  and  genital  and  digestive  organs. 

2.  Localized  electrization  is  indicated,  though  not  always  ex- 
clusively, in  those  morbid  conditions  for  which  galvanization  of 
the  cervical  sympathetic  has  been  found  to  be  of  ser\ice.  Of  the 
diseases  which  come  under  this  categor}%  those  which  yield  more 
surely  to  galvanization  of  the  s}'mpathetic  than  to  any  other  me- 
thod of  electrization  are  paralysis  of  the  sympathetic,  muscular 
atrophy,  arthritis  nodosa,  certain  forms  of  cerebral  h}-penemia,  and 
disorders  of  the  vaso-motor  nerves. 

3.  Localized  electrization,  in  both  central  and  peripheral  appli- 
cations,  may  frequently  be  alternated  with  general  electrization 
in  ver\'  many  of  the  diseases  for  which  this  latter  method  is  chiefly 
indicated.  In  nervous  dysj^epsia,  chlorosis,  h^-^XHrhondriasis, 
constitutional  paralysis,  and  neuralgias,  rheumatism,  chorea,  and 
functional  diseases  of  s|K*cial  organs,  it  is  sometimes  of  advantage 
to  use  galvanization  of  the  brain,  the  spine,  sympathetic, 
and  the  pneumogastric,  and  |>eriphcral  galvanization  or  faradi- 
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zation  a  certain  portion  of  the  time,  although  this  method  alone  is 
far  less  satisfactory  in  these  diseases  than  general  electrization. 
A  prominent  illustration  is  found  in  those  paralytic  conditions,  at- 
tended with  great  diminution  or  entire  loss  of  electro-muscular 
contractility,  where  localized  applications  are  more  efficacious 
to  produce  muscular  contractions  than  general,  although  they  do 
little  or  nothing  toward  removing  the  morbid  constitutional  con- 
dition of  which  the  paralysis  is  but  a  symptom. 

On  the  other  hand,  general  electrization  is  indicated — 

1.  In  those  diseases  that  are  dependent  on  or  associated  with 
impairment  of  nutrition  and  general  debility  of  the  vital  func- 
tions, such  as  nervous  dyspepsia,  neurasthenia,  anaemia,  chlorosis, 
hysteria,  hypochondriasis,  paralysis,  and  neuralgia  of  a  constitution- 
al origin,  rheumatism  and  other  toxic  diseases,  some  forms  of  cho- 
rea, and  oftentimes  in  functional  disorders  of  the  genital,  diges- 
tive, and  other  special  organs. 

2.  In  morbid  symptoms  dependent  on  some  local  cause  which 
cannot  be  satisfactorily  diagnosticated.  It  must  be  confessed 
that  a  large  number  of  cases  of  chronic  diseases  are  frequently 
dependent  on  or  connected  with  some  important  lesions,  of  which, 
during  the  lifetime  of  the  patient,  even  the  most  approved  me- 
thods of  diagnosis  and  the  most  practised  skill  utterly  fail  to  ascer- 
tain either  the  nature  or  the  locality.  This  is  oftentimes  the  case 
with  neuralgia,  with  paralysis,  epilepsy,  hysteria,  and  hypochon- 
driasis ;  sometimes,  also,  with  affections  of  special  organs,  as  the 
eye,  ear,  larynx,  and  uterus. 

Benedikt  emphatically  affirms  that  electricity  should  be  applied 
almost  exclusively  in  loco  nwrbi,  in  the  place  of  the  disease,  and 
in  cases  of  doubt  recommends  tentative  applications  suc- 
cessively in  all  the  suspected  localities  until  the  diagnosis  is  made 
out  by  the  success  of  the  treatment.*  It  scarcely  need  be  said 
that  this  purely  experimental  system,  though  sometimes  success- 
ful, must  be  and  is  annoying,  uncertain,  and  very  frequently  un- 
satisfactory. 

The  advantage  of  general  electrization  in  such  cases  of  doubt- 
ful pathology  are  twofold :  First,  at  each  application  it  affects 

*  Die  Electrotherapie.   Wien,   1868,  p.  79. 
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all  parts  of  the  body,  and  thus  is  sure  to  reach  the  seat  of  the  dis- 
ease, wherever  that  may  be  ;  and  secondly^  it  at  the  same  time  im- 
proves the  general  nutrition  of  the  system,  which,  in  such  cases,  is  fre- 
quently more  or  less  impaired.  This  improvement  in  nutrition, 
as  has  been  stated,  oftentimes  reacts  favorably  on  the  local  disease. 

Still  further,  it  must  be  confessed  that  very  many  of  the  dis- 
eases in  which  general  electrization  is  proved  to  be  of  most  effi- 
cient service,  are  those  in  which  no  special  locus  tnorbi  can  be 
found  even  on  post-mortem  examination. 

Future  investigations  will  undoubtedly  do  much  to  dispel  our 
ignorance  on  these  points,  and  will  probably  assign  a  definite 
local  cause  to  some  of  the  diseases  which  are  now  vaguely  classed 
as  constitutional.  But  even  those  diseases  in  which  the  local  cause 
is  definitely  ascertained  may  demand  constitutional  treatment  as 
much  as  or  more  than  those  in  which  no  local  cause  is  demonstra- 
ted. When  a  house  is  set  on  fire  by  a  burning  fuse,  it  is  not 
enough  to  snatch  away  the  fuse ;  we  must  extinguish  the  flames. 
When  the  nervous  system  has  been  thrown  into  tetanus  by  a  wound 
in  the  foot,  excision  or  healing  of  the  wound  is  of  little  avail  4  reme- 
dies must  be  directed  to  the  central  nervous  system.  Precisely 
so  when  chronic  local  disease  has  enfeebled  the  vital  functions 
and  impaired  nutrition,  our  applications  are  to  be  directed  to  the 
general  system  as  well  as  to  the  seat  of  the  lesion. 

3.  In  certain  diseases  which,  though  themselves  incurable,  are 
accompanied  by  impairment  of  nutrition  that  is  susceptible  of 
more  or  less  relief  Palsy  agitans,  many  cases  of  cerebral 
and  spinal  paralysis,  advanced  stages  of  locomotor  ataxy, 
rheumatic  gout,  epilepsy,  and  certain  spastic  affections 
may  be  absolutely  incurable,  and  yet  the  emaciation,  nervous- 
ness, insomnia,  and  general  feebleness  with  which  these  diseases 
are  associated  as  cause  or  effect  or  concomitant,  may  be  suscep- 
tible of  most  grateful  relief  from  general  electrization. 

Illustrative  cases  of  every  grade  will  hereafter  be  presented  in 
detail. 

A  disadvantage  of  general  electrization  is  that  it  takes  more 
time  and  labor  than  local  applications.  This  abjection,  however, 
is  more  than  counterbalanced  by  the  superiority  and  greater  ra- 
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pidity  of  the  results  which,  in  the  conditions  above  named,  it  fre- 
quently enables  us  to  achieve. 

A  disadvantage  of  localized  electrization  with  the  faradic  cur- 
rentis,  that  it  is  frequently  more  painful  than  general  electrization, 
for  the  reason  that  the  smaller  size  and  greater  nearness  of  the 
electrodes  to  each  other  causes  greater  density  of  the  current  at 
its  points  of  entrance  and  exit.  This  disadvantage  is  not  ordinarily 
of  sufficient  weight  to  contraindicate  its  employment  in  any  case 
for  which  it  is  fully  indicated. 

The  comparison  we  have  here  made  reveals  the  cause  of  some 
of  the  failures  and  discouragements  that  have  been  and  are  now 
being  encountered  by  many  experimenters  in  the  department  of 
electro- therapeutics.  Constitutional  diseases  have  been  treated 
locally.  Morbid  constitutional  conditions,  such  as  hysteria,  anse- 
mia,.  rheumatism,  and  the  like,  which,  as  all  physicians  agree,  de- 
mand remedies  that  affect  the  system,  are  treated  electrically  only 
through  their  local  symptoms,  such  as  peripheral  paralysis,  or  neu- 
ralgia, or  inflammation  of  the  joints.  Temporary  relief,  or  metas- 
tasis of  these  local  symptoms  may  indeed  result  from  exclusively 
localized  applications  in  such  cases,  but  permanent  correction  of 
the  morbid  condition  on  which  these  symptoms  depend  can  only 
be  obtained  by  general  treatment.  In  subacute  rheumatism,  for 
example,  galvanization  or  faradization  of  an  inflamed  joint  fre- 
quently removes  the  pain  and  effusion  in  that  Joint,  and  therefore  may 
advantageously  be  used  with  general  electrization,  just  as  the  extcr- 
nal  application  of  alkaline  solutions  may  advantageously  be  combin- 
ed with  the  internal  administration  of  the  same  remedies ;  but  to 
depend  on  merely  localized  electriiation  in  such  cases  is  manifestly 
as  unphilosophical  as  it  would  be  to  depend  on  merely  local  appli- 
cations of  alkalies.  In  general  practice  it  will  unfortunately  be 
found  that  physicians  will  frequently  use  localized  electrization  in 
cases  for  which  general  electrization  is  indispensable  for  complete 
results,  for  the  reason  that  they  have  neither  the  time  nor  the 
practice  to  enable  them  to  use  the  latter  method  with  success, 
just  as  the  majority  of  general  practitioners,  for  want  of  a  galvanic 
apparatus,  are  obliged  to  use  faradization  in  cases  for  which  gal- 
vanization is  imperatively  demanded. 
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This  comparison  furthermore  reveals  and  explains  the  sugges- 
tive fact  that  the  sphere  of  modem  therapeutics  has,  in  a  measure, 
corresponded  to  and  progressed  with  the  advance  in  the  method 
of  application.  Thus,  when  peripheral  applications  were  chiefly 
used,  the  scope  of  electro-therapeutics,  though  important,  was  nar- 
row, neuralgia  and  paralysis  being  the  diseases  for  which  it  -was 
mainly  employed.  On  the  introduction  of  central  galvanization 
electricity  was  found  to  be  most  useful  for  many  conditions  in 
which  previously  it  had  been  supposed  to  be  either  valueless  or 
contraindicated.  The  sphere  of  electro-therapeutics  is  by  general 
electrization  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  fulfll  either 
not  at  all,  or  but  very  imperfectly. 

ELECTRIZATION    BY   STATICAL   ELECTRICITY  (FRANKLINIZATION). 

Statical  Electricity^  which,  prior  to  the  discovery  of  the  vol- 
taic pile,  was  the  almost  exclusive  dependence  of  electro-thera- 
peutists, has  been  gradually  superseded  by  the  galvanic  and  fara- 
dic  currents,  until,  in  recent  times,  it  has  been  employed  by  only 
a  small  minority  of  those  who  resort  to  electricity  in  the  treat- 
ment of  disease. 

The  reasons  for  this  almost  universal  substitution  of  galvaniza- 
tion and  faradization  for  the  use  of  statical  electricity  are,  these — 

1.  The  apparatus  required  for  the  development  of  statical  elec- 
tricity, as  compared  with  the  most  recent  and  improved  apparatus 
for  faradization  and  galvanization,  are  bulky,  inconvenient,  and 
frequently  unequal,  uncertain,  and  uncontrollable  in  their  action, 
being  greatly  dependent  on  atmospheric  conditions. 

2.  Statical  electricity  cannot  be  as  satisfactorily  varied  in  its 
applications  so  as  to  meet  the  special  indications  required  by  dif- 
ferent diseases,  whereas  the  galvanic  or  faradic  currents  can  be 
used  locally  or  generally,  and  can  be  more  easily  regulated  in 
regard  to  the  dose  and  direction  of  the  current. 

3.  The  length  of  time  required  in  some  of  the  methods  of 
using  statical  electricity  would  practically  prohibit  its  use,  even 
though  there  were  no  other  objections. 


Methods  of  Using  Statical  Electricity.  241 

4.  Experience  shows  that  statical  electricity,  however  adminis- 
tered, is  comparatively  useless  in  many  diseases  in  which  gal- 
vanization or  faradization  is  most  successful.  On  the  other 
hand,  it  is  yet  to  be  demonstrated  that  there  are  any  conditions 
that  are  better  met  by  the  use  ofstatical  electricity  than  by  a  skil- 
ful use  of  the  galvanic  and  faradic  currents. 

Professor  Schwanda,  of  Vienna,  has  recently  revived  the  atten- 
tion of  the  profession  to  the  use  of  statical  electricity  by  his  rep>orts 
of  successes  obtained  by  Holtz's  electrophorous  machine.  (For 
description,  see  pp.  16  and  17.)  He  claims  that  it  produces  the 
same  effects  in  paralysis  as  the  faradic  current ;  that  in  cutaneous 
anaesthesia  it  is  more  efficacious  than  either  the  faradic  or  galvanic 
current ;  that  it  acts  as  a  general  tonic.  Something  more  than 
these  general  statements  will  be  necessar}'  to  reintroduce  statical 
electricity  into  practice. 

No  evidence  is  adduced  to  show  that  its  tonic  effects  are  in 
any  way  comparable  to  those  which  are  obtained  from  general 
faradization.  It  is  difficult  to  conceive  how  it  can  be  more  effec- 
tive in  cutaneous  anaesthesia  than  faradization,  which  is  so  uni- 
formly successful  in  this  condition  that  it  might  almost  be  called 
a  specific  for  it.  Very  few  affections  yield  so  readily  to  any 
method  of  treatment  as  anaesthesia  to  faradization. 

As  compared  with  the  faradic  current  alone,  statical  electricity 
would  appear  to  have  some  advantages  in  the  treatment  of  simple 
neuralgia,  but  as  compared  with  both  the  galvanic  and  faradic 
currents  no  such  advantage  is  demonstrated. 

In  spite  of  all  these  o[)posing  reasons,  statical  electricity  has 
continued  to  be  used  by  a  few  experimenters  even  in  these  eras 
of  galvanization  and  faradization.  Besides  Professor  Schwanda, 
above  quoted,  electricity  from  frictional  machines  has  been  used 
by  Drs.  Golding  Bird  and  Gull,  in  Guy's  Hospital ;  by  Dr.  Clem- 
ent, of  Frankfort ;  and  in  the  London  Hospital  for  the  Paralyzed 
and  Epileptic,  by  Dr.  Radcliffe  and  others. 

The  methods  of  using  statical  electricity  that  are  most  fre- 
quently employed  are  the  electric  bath,  electrization  by  sparks, 
and  shocks  from  the  Ley  den  jar. 

The  electric  bath  is  either  electro-positive  or  electro-negative, 

TI 
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In  the  electro-positive  bath  the  patient  is  placed  on  an  insulating 
stool,  holds  the  prime  conductor,  and  receives  the  electricity 
accumulated  on  the  glass  plate,  while  the  negative  electricity  is 
discharged  from  the  cushions  through  a  metallic  chain  connected 
with  the  ground. 

The  surface  of  the  body  of  the  patient  becomes  charged  with 
positive  electricity,  while  the  surrounding  air  is  negatively  elec- 
trified 

It  is  claimed  that  during  the  application  the  secretions  and 
circulation  are  stimulated.  The  patient  should  take  the  bath  for 
two  or  three  hours  daily. 

In  the  electro-negative  bath  the  patient,  seated  as  before  on 
an  insulating  stool,  receives  the  negative  electricity  from  the 
cushions,  while  the  positive  is  discharged  from  the  glass  plate 
through  a  metallic  chain  connected  with  the  ground.  The 
cushions  must  be  insulated  by  glass.  It  is  claimed  that  the 
electro-negative  bath  has  a  debilitating  effect ;  that  it  deprives 
the  body  of  its  normal  electricity ;  that  it  produces  eflfects  similar 
to  those  that  are  obtained  by  bloodletting.  The  process  of 
"charging  the  patient"  has  sometimes  a  most  charming  effect  in 
neuralgia. 

Electrization  by  sparks  is  accomplished  by  drawing  off  the  elec- 
tricity from  a  patient  charged  in  the  electric  bath  by  means  of 
some  metallic  conductor  or  by  the  hand  of  the  operator,  the  con- 
ductor or  hand  of  the  operator  becoming  negative  and  uniting 
with  the  positive  electricity  of  the  patient  with  a  snapping  noise 
and  a  flash  of  light.  Electrization  by  sparks  is  accompanied  by 
a  pricking,  stinging  sensation,  and,  when  the  sitting  is  protracted, 
is  followed  by  redness  of  the  skin  and  a  peculiar  eruption  of 
white  circumscribed  wheals.  The  eruption  usually  appears  in 
five  or  ten  minutes.  It  disappears  in  the  course  of  an  hour. 
Sometimes  the  sparks  are  drawn  through  flannel,  the  end  of  the 
insulated  conductor  being  applied  to  the  flannel,  and  passed  up 
and  down  over  the  region  that  is  to  be  affected.  A  rapid  suc- 
cession of  sparks  may  produce  vibrations  in  the  superficial  mus- 
cles. Electrization  by  sparks  has  been  found  efficacious  in  pa- 
ralysis, amenorrhoea,  and  chorea,  and  many  other  affections. 
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Shocks  from  the  Ley  den  jar  are  produced  by  bringing  the  body, 
or  that  portion  of  it  on  which  we  wish  to  operate,  in  the  circuit  be- 
tween the  outer  and  inner  coating.  A  shock  may  be  sent  through 
the  arms  and  cTiest  by  placing  one  hand  on  the  knob  connecting 
with  the  inner  coating  (containing  the  positive  electricity),  and  the 
other  hand  on  the  outer  coating  of  the  jar,  containing  the  nega- 
tive electricity.  A  shock  may  be  sent  through  the  pelvis  by 
applying  one  end  of  a  branched  conductor  connected  with  the 
inner  coating  to  the  back,  and  applying  the  outer  coating  of  the 
jar  against  the  hypogastric  region.  In  the  same  way  electricity 
of  the  Leyden  jar  may  be  localized  in  any  part  of  the  body. 
The  shock  produced  by  the  Leyden  jar  is  sudden  and  dis- 
agreeable. 

In  order  to  charge  a  Leyden  jar,  take  hold  of  it  by  its  outer 
coating  and  present  the  knob  connected  with  the  inner  coating 
to  the  prime  conductor  of  an  electrical  machine  in  motion. 
The  inner  coating  receives  positive  to  the  outer  coating  negative 
electricity.     (See  page  18.) 

Sparks  from  the  Leyden  jar  have  met  with  some  of  their  best 
successes  in  the  treatment  of  amenorrhoea.  Inasmuch  as,  for 
reasons  above  presented,  the  use  of  statical  electricity  is  quite 
limited,  being  mainly  confined  to  hospitals,  it  has  not  been 
thought  necessary  to  present  any  elaborate  descriptions  of  the 
various  forms  of  apparatus  that  have  been  employed. 

It  is  sufficient  to  say  that  the  one  which  is  now  in  the  ascend- 
ant is  that  of  Holby,  to  which  we  have  before  referred. 


CHAPTER  XII. 

ELECTRO'PHYSIOLOGICAL  ANATOMY. 

Electro-Physiological  Anatomy  treats  of  the  physiological 
action  of  muscles  under  the  influence  of  the  electric  currents. 

The  contraction  observed  in  an  individual  muscle  when  sub- 
mitted to  the  influence  of  the  electric  current,  closely  resembles 
the  contraction  of  the  same  muscle  when  under  the  influence  of 
the  will. 

Duchenne  was  the  first  to  investigate  this  subject  systemati- 
cally, and  his  researches  have  done  much  to  modify  the  accep- 
ted views  concerning  the  functions  of  certain  muscles.  Those 
who  desire  a  more  complete  idea  of  his  views  than  is  given  in 
the  following  brief  r6sum6,  we  refer  to  his  writings.* 

Electro-Physiognomy, — ^This  name  has  been  applied  to  the 
study  of  character  and  expression,  through  localized  faradi- 
zation of  the  muscles  of  the  face.  By  means  of  small  elec- 
trodes the  current  can  be  localized  so  as  to  produce  contractions 
even  in  the  smallest  muscles.  For  these  experiments  a  recently 
dead  subject  is  to  be  preferred,  because  in  the  living  man  con- 
tractions produced  by  the  current  would  be  complicated  and  in- 
terfered with  by  involuntary  movements. 

According  to  Duchenne,  who  has  chiefly  investigated  this  sub- 
ject, the  frontalis  muscle,  when  a  little  contracted,  expresses 
pleasure;  when  more  contracted,  astonishment  or  doubt;  when 
strongly  contracted,  with  other  muscles,  terror. 

»  De  r Electrisation  Localise  et  de  son  Application  ^  la  Pathologic  et  & 
la  Th^rapeutique.  Paris  1861  ;  also,  Mecanisme  de  la  Physionomie  Humaine, 
ou  Analyse  Electro-Physiologique  de  r Expression  dcs  Passions  applicable  ^  la 
Pratique  des  Arts  Plastiques.  Paris,  1862.  This  work  contains  photographic 
representations  of  the  various  appearances  of  the  face  under  electrization  of  the 
different  muscles. 
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Contracrion  of  the  pyramidalis  nasi  expresses  sadness ;  of  the 
corrugator  super cilii^  contemplation ;  of  the  orbicularis  palpebra- 
rum^ contempt.  Contraction  of  these  two,  united  with  the  pyra- 
midalis nasi,  gives  a  hateful,  malicious  expression.  Contraction 
of  the  triangularis  nasi  expresses  lust ;  of  the  zygomaticus  major ^ 
various  degrees  of  mirth ;  of  the  zygomaticus  minor ^  melancholy ; 
of  the  platysma  myoides,  hypocritical  laugh;  of  the  platysma 
my  aides  ^  pain.  Contraction  of  the  platysma  myoides  dJi^  fronta- 
lis gives  an  expression  of  terror.  Contraction  of  the  platysma 
myoides  and  pyramidalis  expresses  rage.  United  contraction  of 
the  zygomaticus  major  and  frontalis  produces  an  expression  of 
agreeable  surprise.  Contraction  of  the  buccinator  indicates  age, 
by  making  furrows  in  the  cheek. 

Contraction  of  the  levator  aloe  and  labii  superioris  causes  an 
unpleasant  expression,  such  as  a  child  exhibits  when  about  to 
cry;  contraction  of  the  triangularis  oris  gives  an  expression  of 
sadness  or  disgust. 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives 
the  lips  a  position  of  whistling  or  kissing ;  contraction  of  the  in- 
ternal fibres  of  the  same  muscle  compresses  the  lips  against  the 
teeth. 

Muscles  of  the  Upper  Extremity, — The  contractions  resulting 
from  electrization  of  the  extensors  of  the  fingers  give  to  the 
hand  a  peculiar  appearance. 

The  first  phalanges  not  only  become  extended,  but  are  spread 
apart,  while  the  last  two  phalanges  become  flexed. 

The  metacarpus  forms  an  angle  with  the  forearm,  and  in  this 
condition  the  hand  resembles,  to  a  certain  extent,  a  bird's 
claw. 

Electrization  of  the  extensor  digiti  minimi  proprius  separates 
the  little  finger  from  its  neighbor,  while  contraction  of  the  exten- 
sor indicis  proprius  brings  the  index  and  middle  finger  together. 
By  the  method  of  localized  electrization  the  adductors  and  ab- 
ductors of  the  fingers,  and  the  interossei  and  lumbricales,  are 
found  to  act  not  only  in  drawing  these  members  together  and  se- 
parating them,  but  also  in  extending  the  second  phalanx  of  the 
thumb  and  the  second  and  third  of  the  other  fingers. 
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The  flexor  pollicis  brevis  is  concerned  in  extending  the  second 
phalanx  of  the  thumb  as  well  as  in  flexing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longus 
has  no  function  to  perform;  it  is  only  when  the  forearm  is 
prone  that  its  peculiar  action  is  manifest. 

In  paralysis  of  any  one  of  the  above  muscles,  it  is  readily  seen 
that  the  observation  made  concerning  their  function  is  correct. 

For  example :  if  the  abductor  longus  and  extensor  brevis  pol- 
licis become  paralyzed,  the  metacarpal  bone  of  the  thumb  is  ad- 
ducted.  If  the  extensor  longus  pollicis  is  paralyzed,  the  thumb 
is  inclined  towards  the  metacarpus,  although  its  movements  are 
not  markedly  impaired  if  the  extensor  brevis  and  adductor  longus 
are  strong. 

Electrization  of  the  deltoid  not  only  raises  the  upper  arm  but  also 
very  perceptibly  changes  the  position  of  the  scapula.  The  exter- 
nal angle  of  the  shoulder-blade  becomes  depressed,  the  internal 
angle  is  elevated,  while  the  distance  between  its  posterior  spinal 
border  and  the  ribs  is  slightly  increased.  In  paralysis  of  the  del- 
toid the  arm  hangs  by  the  side  almost  completely  helpless.  The 
muscle  is  composed  of  three  distinct  groups  of  fibres,  and  the 
degree  of  paralysis  depends  upon  the  number  of  groups  or 
special  group  involved. 

The  pectoralis  major  and  latissimus  dorsi  muscles,  although  sit- 
uated for  the  most  part  on  the  trunk  of  the  body,  are  more 
especially  useful  in  assisting  in  the  movements  of  the  arm. 

Muscles  of  the  Trunk. — When  all  of  the  fibres  of  the  trapezius 
are  submitted  to  electric  excitation,  the  shoulder-blade  becomes 
elevated,  its  posterior  border  approaches  the  median  line,  the 
shoulders  are  drawn  backward,  and  the  head  is  thrown  slightly 
forward  and  toward  the  opposite  side.  Like  the  deltoid,  the  tra- 
pezius is  made  up  of  three  sets  of  fibres. 

When  the  superior  set  is  electrized  the  head  turns  toward  the 
side  irritated,  and  the  face  looks  towards  the  opposite  side. 

The  middle  set  of  fibres  elevates  the  shoulder-blade,  while  by 
the  action  of  the  lower  set  its  inner  angle  is  depressed,  and  its  pos- 
terior border  is  drawn  towards  the  median  line.  In  complete 
paralysis  of  the  trapezius  the  following  symptoms  are  manifest : 
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The  back  is  rendered  broader,  on  account  of  the  scapula  remov- 
ing slightly  from  the  spinous  processes  ;  the  shoulder  becomes 
depressed,  and,  on  account  of  the  absence  of  steady  support  for 
the  arm,  its  movements  are  rendered  difficult.  Electrization  of 
the  rhomboideus  major  and  minor  muscles  elevates  the  scapula 
and  slightly  turns  it  on  its  outer  angle. 

If  the  current  be  sufficiently  intense,  the  lower  angle  of  the  sca- 
pula approaches  nearer  to  the  spinous  processes  than  the  inner. 

If  the  rhomboideus  muscles  are  paralyzed,  the  scapula  removes 
itself  somewhat  from  the  walls  of  the  thorax,  the  skin  between 
the  shoulder-blade  and  the  spine  appears  in  folds,  and  the  lower 
angle  of  the  bone  is  drawn  forward  and  outward,  on  account  of 
the  action  of  the  serratus  ant.  maj.  By  excitation  of  the  ser- 
ratus  anticus  major  the  scapula  is  drawn  forward  and  outward,  so 
that  the  space  between  its  posterior  border  and  the  spine  is 
doubled.  The  posterior  border  is  pressed  against  the  ribs,  while 
the  anterior  border  is  markedly  removed  from  them. 

When  the  muscle  is  paralyzed  the  shoulder-blade  sinks  but  lit  - 
tie,  so  long  as  the  arm  hangs  motionless  by  the  side  ;  but  as  soon 
as  it  is  moved  from  the  body  the  posterior  border  and  under  angle 
of  the  scapula  are  lifted  from  the  thorax,  while  the  anterior  ap- 
proaches it  more  closely.  In  complete  paralysis  of  the  serratus 
anticus  the  movements  of  the  arm  are  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  press- 
ing a  small  electrode  against  the  lower  border  of  one  of  the 
upper  ribs,  near  the  origin  of  the  serratus  magnus  muscle. 

The  individual  abdominal  muscles  are  readily  influenced  by 
electric  excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it 
inward  that  the  abdominal  wall  becomes  flat.  Irritation  of  the 
external  oblique  expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal,  powerful  transverse 
contractions  of  the  abdomen  follow.  When  both  phrenic  nerves 
are  submitted  to  electric  excitation,  powerful  and  frequent  con- 
tractions of  the  diaphragm  are  produced.  An  increased  amount 
of  air  rushes  into  the  lungs,  on  account  of  the  capacity  of  the 
thorax  enlarging  through  the  descent  of  the  diaphragm,  and  the 


248  Electro-Physiological  Anatomy, 

moving  outwards  of  the  false  ribs.  Atrophy  of  the  diaphragm 
causes,  during  inspiration,  a  depression  of  the  epigastrium  and 
abdominal  walls,  while  the  thorax  expands  as  usual. 

Muscles  of  the  Lower  Extremities, — Electric  excitation  reveals 
the  fact  that  flexion  and  extension  of  the  foot  cannot  be  produced 
by  the  flexor  or  extensor  muscles  alone,  since  these  muscles  tend 
to  abduct  and  adduct  as  well  as  flex  and  extend.  The  flexors 
and  extensors  cause  direct  flexion  and  extension  only  when  they 
act  in  conjunction  with  certain  other  muscles. 

Duchenne  found  that  the  movements  of  the  foot  were  con- 
trolled  by  four  sets  of  muscles.     These  are  : — 

The  tibialis  anticus,  which  at  the  same  time  flexes  and  ad- 
ducts  the  foot,  he  termed  the  flexor  adductor  muscle ;  the  exten- 
sor digitorum  communis  longus  and  extensor  hallucis,  which  flex 
and  abduct  the  foot,  the  flexor  abductor. 

The  gastrocnemius  solius  and  tibialis  post,  extend  and  adduct  the 
foot ;  these  muscles  he  called  the  extensor  adductor ;  and  the  pero- 
neus  longus  and  brevis,  which  extend  and  abduct  the  foot,  the 
extensor  abductor. 

Electrization  of  the  tibialis  anticus,  or,  in  other  words,  the  flex- 
or adductor  muscle,  not  only  extends  and  adducts  the  foot,  but 
lifts  the  inner  border  of  its  upper  portion  as  well. 

Electrization  of  that  group  of  muscles  called  the  flexor  abduc- 
tor, besides  flexing  and  abducting  the  foot,  extends  the  four  last 
toes,  lifts  the  outer  border  of  the  foot,  turns  the  sole  outward, 
and  bends  the  great  toe. 

In  many  cases  of  partial  paralysis  of  the  lower  extremities,  the 
foot  is  observed  to  turn  outward  and  to  strike  the  ground  at  every 
step  in  walking.  Finally,  pes  equinus  may  result  from  the  stronger 
action  of  the  extensors. 

If  the  flexor  abductor  group  become  paralyzed  the  movement 
of  the  foot  is  reversed — the  sole  turning  inward  and  the  anterior 
portion  turning  upward. 

Electrization  of  the  extensor  adductor  group  so  extends  and 
adducts  the  foot  that  the  heel  is  directed  outward  and  the  great 
toe  inward.  The  first  phalanges  of  the  toes  become  extended, 
and  the  last  flexor,  giving  to  them  the  form  of  claws. 
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Electrization  of  the  extensor  abductor  so  extends  and  abducts 
the  foot  that  the  internal  malleolus  becomes  decidedly  prominent 
through  the  sinking  of  the  inner  border  and  the  elevation  of  the 
outer  border  of  the  foot.  Paralysis  of  this  last-named  group  of 
muscles  produces  in  the  course  of  time  what  may  be  termed  a 
fiat  foot.  This  results  from  the  disappearance  of  the  arching  of 
the  foot 

In  consequence  of  paralysis  of  the  extensor  adductor  the  foot 
naturally  becomes  abducted,  the  arch  of  the  dorsal  surface  is  in- 
creased, and  instead  of  the  flat  foot  above  mentioned,  we  have  a 
very  decided  hollowing  out  of  the  plantar  side. 
II* 


CHAPTER  XIII. 

ELECTRO-THERAPEUTICAL  ANATOMY. 

Electro-therapeutical  anatomy  includes  a  description  of  the 
localities  at  which  the  different  nerves,  muscles,  and  organs  can  be 
best  aflfected  by  the  electric  currents,  and  also  the  relative  electric 
sensitiveness  of  the  different  parts  of  the  body.  It  is  therefore  to 
electro-therapeutics  what  surgical  anatomy  is  to  surgery. 

The  subject  of  the  motor  points  was  first  systematically  studied 
by  Ziemssen,  who  experimented  on  the  recently  dead  subject,  and 
marked  with  nitrate  of  silver  the  points  at  which  the  individual 
nerves  and  muscles  most  readily  responded  to  faradization. 
Many  of  these  points  can  be  easily  and  successfully  studied  on 
the  living  human  subject.  Those  which  are  represented  in  the 
cuts  are  derived  mostly  from  numerous  observations  on  persons 
in  health.  They  have  been  found  to  agree  in  the  main  with  those 
of  Ziemssen,  with  which  they  have  been  compared,  and  by  which 
they  have  been  made  more  accurate  and  complete.  Those  who 
wish  to  examine  the  subject  in  greater  detail  are  referred  to  the 
work  of  Ziemssen.* 

It  will  be  found,  however,  that  those  which  are  here  described 
are  sufficient  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
sponge  electrode,  well  moistened,  on  some  indifferent  point,  and  to 
firmly  press  a  small  negative  f  electrode,  also  well  moistened,  over 
the  spot  where  the  nerve  or  muscle  should  be  affected.     If  the  right 

♦  Die  Electricitat  in  der  Medicin.     Berlin,   1866.     p.  154,  ct  seq, 
\  The  negative  is  to  be  preferred,  because  it  is  the  stronger,  and  acts  more 
powerfully  in  producing  contractions.     (See  p.  165.) 
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place  is  touched,  and  the  strength  of  the  current  and  the  pressure 
be  sufficient,  the  normal  physiological  action  of  the  part  affected 
will  at  once  appear.  In  the  case  of  muscles  contraction  will  take 
place,  accompanied  with  a  feeling  of  contraction  ;  in  the  case  of 
nerve-branches  and  plexuses,  there  will  be  sensation  more  or  less 
painful  along  the  peripheral  ramifications  of  the  nerves,  and,  if 
the  excitation  be  sufficiently  strong,  contraction  of  the  muscles 
which  they  supply. 

It  is  not  to  be  understood  that  a  studious  regard  for  all  of  these 
electric  points  is  always  necessary  in  making  applications  of 
electricity.  In  the  normal  condition  most  of  the  superficial  and 
many  of  the  deeper  muscles  and  nerves  are  easily  excited  by  or- 
dinary labile  ai)j)lications  with  large  sponge  electrodes.  Some  of 
the  muscles  have  two  or  more  motor  points,  and  are  therefore 
more  readily  affected  by  large  than  by  small  electrodes.  (For 
remarks  on  the  comparative  pain  caused  by  small  and  large 
electrodes,  see  p.  239.) 

A  large  sponge  electrode  of  from  3  to  6  or  8  inches  in  diame- 
ter, folded  over  a  brass  ball,  such  as  is  used  in  general  electriza- 
tion, causes  full  contraction  of  a  majority  of  the  superficial  and 
deep  muscles  when  rapidly  passed  up  and  down  the  limbs. 

But  when  the  muscles  have  become  diseased,  so  that  they 
respond  with  difficulty  to  the  electric  current,  it  becomes  necessary 
to  give  special  heed  to  the  situation  of  these  motor  points,  in  order 
to  detemiine  their  actual  electric  condition,  or  to  aid  in  restoring 
them  to  their  normal  condition  by  exciting  artificial  contraction. 

It  should  be  remarked  furthermore,  that  these  electric  points 
vary  in  different  individuals,  just  as  the  anatomical  relation  of  the 
nerves  and  muscles  varies,  and  that  the  representations  of  the  cuts 
can  be  only  approximately  correct 

I'he  points  at  which  the  nerves  and  muscles  of  the  eye,  ear, 
and  larynx  can  be  best  electrized,  also  the  best  method  of 
electrizing  the  oesophagus,  rectum,  genital  and  abdominal  organs, 
will  be  described  in  the  chapters  devoted  to  the  diseases  of  those 
parts. 

We  present  below  a  brief  description  of  the  i>oints  at  which  the 
principal  nerves,  plexuses,  and  branches  can  be  best  excited  elec- 
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trically,  and  also  the  physiological  effect  on  the  nerves  and  muscles 
produced  by  such  excitation. 

Facial — at  its  exit  from  the  stylo-mastoid  foramen,  between  the 
mastoid  process  and  the  angle  of  the  lower  jaw,  or  at  the  opening 
of  the  external  auditory  canal 

Pneumogastric — at  the  lower  and  anterior  part  of  the  neck,  be- 
tween the  common  carotid  artery  and  the  jugular  vein ;  inferior 
laryngeal — between  the  oesophagus  and  the  trachea  of  the  ganglia 
of  the  sympathetic 

The  superior  cervical  ganglion  of  the  sympathetic  can  be 
reached  in  the  anterior  maxillary  fossa,  just  behind  and  below  the 
angle  of  the  lower  jaw ;  the  middle  cervical^  by  the  side  of  the 
stemo-cleido  mastoid  muscle,  opposite  the  fifth  cervical  vertebra ; 
the  inferior  cervical,  also  by  the  inner  border  of  the  stemo-cleido 
mastoid  muscle,  opposite  the  second  cervical  and  first  dorsal 
vertebrae. 

Accessory — at  its  exit  from  the  stemo-cleido  mastoid  muscle. 

Hypoglossus — between  the  stylohyoid  and  hyoglossus  muscles, 
under  the  hyoid  bone. 

Phrenic — at  the  outer  border  of  the  stemo-cleido-mastoid 
muscle,  by  the  anterior  border  of  the  scalenus  anticus,  near  the 
omohyoid  muscle.  Excitation  of  this  nerve  causes  strong  move- 
ments of  the  chest. 

Brachial  plexus — in  the  supra-clavicular  space,  posterior  to  the 
outer  border  of  the  stemo-cleido  mastoid  muscle.  Excitation  of 
this  plexus  causes  a  feeling  of  tingling  and  numbness  in  the 
fingers  and  down  the  arm,  and,  when  the  current  is  strong,  flexion 
of  the  forearm  and  fingers. 

Dorsalis  scapulce — at  the  border  of  the  trapezius,  near  the  ac- 
cessory. 

Supra  scapular  is — just  before  its  entrance  into  the  scapula,  and 
external  to  the  omohyoid  muscle. 

Anterior  thoracic — at  the  upper  border  of  the  pectoralis  major, 
below  the  clavicle. 

Posterior  thoracic — above  the  clavicle,  near  the  trapezius. 

The  thoracic  nerves  are  irregular  in  their  distribution,  and 
therefore  difficult  to  find. 
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Axillary — at  the  upper  and  posterior  border  of  the  axilla. 

Musculo-cutaneous — between  the  biceps  and  coraco-brachialis. 

Median — in  the  lower  third  of  the  arm,  at  the  point  where  it 
crosses  the  brachial  artery.  Mild  excitation  of  this  nerve  causes 
tingling  in  the  arm  and  fingers ;  a  strong  excitation  causes  closure 
of  the  fingers  and  pronation  of  the  hand. 

Ulnar — at  the  groove  between  the  olecranon  and  the  internal 

condyle.     Excitation  of  this  nerve  causes  pain  in  the  inner  surface 

of  the  forearm  and  contraction  of  the  flexor  carpi  ulnaris,  flexor 

digitorum  profundus,  adductor  pollicis  lumbricalis,  and  interossei 

of  the  little  finger. 

Radial — in  the  lower  third  of  the  arm,  at  the  point  of  its  emer- 
gence from  beneath  the  triceps.  Excitation  of  this  nerve  causes 
tingling  in  the  outer  part  of  the  arm  and  forearm,  and  down  to 
the  wrist ;  strong  excitation  produces  extension  of  the  first  pha- 
langes of  the  fingers,  extension  of  the  hand  and  thumb  and  supi- 
nation of  the  forearm,  contractions  of  the  extensor  carpi  radialis 
and  ulnaris,  extensor  digitorum  communis,  extensor  minimi  digiti, 
extensor  indicis  prop.,  extensor  pollicis  longus  and  brevis,  ad- 
ductor pollicis. 

Jschiatic — in  the  thigh,  posterior  to  the  head  of  the  femur,  at  the 
point  where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis, 
through  the  posterior  wall  of  the  rectum.  Electrization  of  this 
nerve  causes  sensations  of  tingling  in  the  leg  below  the  knee,  and 
foot,  similar  to  those  which  we  so  often  experience  when  we  acci- 
dentally sit  on  the  sciatic  nerve. 

Crural — ^just  after  its  exit  from  beneath  Poupart's  ligament, 
exterior  to  the  crural  artery.  Electrization  of  this  nerve  causes 
sensations  in  those  parts  of  the  leg  that  are  supplied  by  its 
branches. 

Obturator — on  the  horizontal  branch  of  the  pubic  bone.  If  the 
application  is  successful,  and  the  current  used  sufficiently  strong, 
the  thigh  is  abducted. 

Popliteal— \xi  the  outer  part  of  the  popliteal  space.  Electri- 
zation of  this  nerve  causes  vigorous  contraction  of  the  muscles 
that  move  the  foot  upward  and  outward. 

Peroneal^on  the  posterior  border  of  the  cjipitulum  fibular. 
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Excitation  of  this  nerve  causes  contraction  of  the  tibialis  anticus, 
peronei  muscles,  extensor  digitorum  communis  longus,  extensor 
digitorum  communis  brevis,  and  extensor  hallucis  longus. 

Tibial  can  be  reached  on  the  middle  and  outer  part  of  the 
knee.  When  strongly  electrized,  contractions  arise  in  the  muscle 
of  the  posterior  part  of  the  leg. 

The  tibial  nerve  can  also  be  reached  in  the  depression  poste- 
rior to  the  internal  malleus. 

Very  many  muscles  have  no  accessible  motor  points,  and 
must  therefore  be  electrized  intra-muscularly.  Practically  this  is 
done  in  the  majority  of  cases.  We  present  in  the  accompanying 
cuts  a  bird's-eye  view  of  the  electric  points  of  the  prominent 
nerves,  plexuses,  and  muscles,  and  of  the  relative  sensitiveness  of 
different  parts  of  the  surface  of  the  body  to  the  faradic  current. 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of 
the  body  to  faradization,  we  have  also  ascertained  by  numerous 
comparative  observations  on  persons  in  health,  with  the  moistened 
hand  and  well-moistened  sponge  electrodes.  The  method  of 
making  these  observations  is  to  place  the  patient  in  the  position 
for  general  electrization  (see  cut  48,  p.  192),  with  his  feet  on  the 
plate  to  which  the  negative  pole  is  attached,  while  the  experi- 
menter applies  the  positive  all  over  the  surface  of  the  body. 

We  have  distinguished  five  degrees  of  sensitiveness,  the  highest 
being  marked  one.  For  all  practical  purposes  these  are  sufficient ; 
approximate  accuracy  is  all  that  is  attempted.  The  sensitiveness 
of  the  body  when  irritated  by  the  faradic  current  is  due  partly  to 
the  quality  and  position  of  the  sensory  nerves,  and  partly  to  the 
peculiar  feeling  that  attends  muscular  contraction  (electro- 
muscular  sensibility). 

The  feeling  of  muscular  contraction  amounts  in  some  instan- 
ces to  actual  pain,  so  that  a  part  which  is  not  richly  supplied  with 
sensory  nerves  may  yet  be  very  sensitive  to  the  current.  This  is 
especially  the  case  with  the  sterno-cleido-mastoid  muscle,  which 
on  being  touched  near  its  centre  contracts  with  a  painful  jerk. 
The  same  is  true,  to  a  less  extent,  of  the  trapezius,  the  flexors  of  the 
anil,  and  of  the  peronei  muscles.  In  all  parts  where  no  muscular 
contractions  are  produced,  the  sensitiveness  of  the  surface  of  the 
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body  depends  on  the  quality  and  position  of  the  sensory  nerves, 
and  bears  a  pretty  constant  relation  to  its  sensitiveness  to  ordi- 
nary mechanical  irritation. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensi- 
tive to  a  blow  or  fall,  or  to  any  mechanical  injury, — as  the  head, 
face,  or  surface  of  the  bones,  clavicle,  sternum,  scapula,  patella, 
etc., — are  likewise  marked  highest  in  the  scale  of  sensitiveness  to 
the  current. 

To  guard  against  error  it  is  necessary — 

1.  To  use  always  the  same  electrode  and  the  same  direction 
of  the  current ;  therefore  the  negative  pole  should  be  kept  at  the 
feet  during  the  entire  sitting. 

2.  To  make  the  pressure  of  the  electrodes  uniform,  and  to 
moisten  well  all  parts  supplied  with  hair. 

3.  To  use  the  moistened  hand  for  the  head  and  face.  The 
head,  especially,  is  so  exceedingly  sensitive  to  the  faradic  current 
that  it  will  hardly  bear  a  sufficient  strength  of  current  through  a 
sponge  to  make  a  comparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the 
middle  of  the  back,  the  outer  surface  of  the  thigh,  and  the  testicles. 
The  perinaeum,  which  cannot  be  represented  in  the  cut,  should 
also  be  marked  5.  It  will  be  observed  that  the  points  most 
highly  sensitive  are  those  where  very  sensitive  nerves  pass 
over  the  surfaces  of  bones,  as  the  head  and  jaws.  Of  the  other 
parts  not  represented  in  the  figures,  the  external  auditory  canal 
should  be  marked  i ;  the  middle  of  the  sterno-cleido-mastoid 
muscle,  2  ;  the  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2 ;  the 
under  side  of  the  penis,  2  ;  the  point  between  the  penis  and  scro- 
tum, 4 ;  the  under  surface  of  the  heel,  the  plantar  arch,  the  ball 
of  the  foot,  4.  If  the  external  auditory  canal,  drum  of  the  ear, 
conjunctiva,  nasal  mucous  membrane,  tongue,  and  larynx  were 
represented,  they  should  be  marked  a  degree  or  two  higher  than 
I ,  since  they  are  more  sensitive  than  any  portion  of  the  surface 
of  the  head.  The  best  point  to  test  a  current  of  extreme  feeble- 
ness is  the  tip  of  the  tongue. 

The  rectimi,  urethra,  and  vagina  are  but  little  sensitive  to  the 
current  in  comparison  with  the  mucous  membranes  of  the  mouth. 
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except  at  their  external  orifices.     They  might  be  marked  4  or  5. 
The  OS  uteri  and  the  bladder  would  be  marked  4,  5. 

It  should  be  distinctly  understood  tiiat  these  remarks  apply  to 
the  applications  "of  the  faradic  current  with  electrodes  sufficiently 
moistened  to  allow  the  current  to  pass  readily  through  the  epider- 
mis. In  dry  faradization  the  results  are  somewhat  different,  the 
pain  at  all  parts  being  far  less. 

The  galvanic  current  causes  a  burning  sensation  wherever  it  is 
applied ;  but  this  is  most  sensitively  felt  at  those  parts  that  are 
abundantly  supplied  by  sensory  nerves. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as 
compared  with  the  galvanic  current,  is  due  to  the  greater  mechan- 
ical action  of  the  former.  An  interrupted  galvanic  current,  of  suf- 
ficient strength  to  produce  muscular  contractions,  produces  the 
same  sensations  as  the  faradic  current,  with  the  addition  of  the 
burning  feeling  at  the  surface  beneath  the  electrodes.  The  fact 
that  the  galvanic  current  is  less  painful  to  the  surfaces  of  the 
bones  gives  it  a  certain  advantage  in  making  applications  to  the 
head,  although  the  pain  of  the  faradic  current,  when  applied  to  the 
head  by  the  moistened  hand,  may  be  reduced  to  a  minimum. 

A  knowledge  of  the  relative  sensitiveness  of  the  different  parts 
of  the  body  to  the  electric  current  is  indispensable  both  in  elec- 
tro-diagnosis and  electro-therapeutics.  It  is  at  once  obvious  that 
to  determine  by  the  electric  test  the  extent  of  anaesthesia,  or  loss 
of  electro-muscular  sensibility,  in  cases  of  paralysis,  without  a  pre- 
vious knowledge  of  the  normal  sensitiveness  of  the  parts  to  the 
electric  current  and  the  normal  feeling  of  electro-muscular  sen- 
sibility in  the  affected  muscles,  is  simply  impossible.  From  a 
want  of  this  knowledge  very  important  mistakes  are  made  in  elec- 
tro-diagnosis. In  general  faradization  a  knowledge  of  the  relative 
sensitiveness  of  all  the  parts  of  the  surface  of  the  body  enables  one 
to  make  an  application  which  would  otherwise  be  painful,  and  per- 
haps injurious,  both  painless  and  refreshing. 


CHAPTER  XIV. 

ELECTRO-DIA  GNOSIS, 

A  HISTORY  of  the  use  of  electrization  as  a  means  of  diagnosis 
would  very  likely  be  the  history  of  electro-therapeutics  itself  As 
soon  as  men  began  to  use  the  voltaic  pile  in  the  treatment  of 
paralysis  and  kindred  diseases,  about  the  middle  of  the  last  cen- 
tury, just  so  soon,  probably,  they  began  to  test  the  power  of  the 
electric  current  to  diagnosticate  disease.  We  logically  infer  that 
electrization  was  used  as  a  means  of  diagnosis  much  earlier  than 
the  published  treatises  on  the  subject  would  show,  from  the  fact 
that  it  has  been  so  used — in  a  blind  and  empirical  way,  it  is  true — 
in  this  country,  for  thirty  or  forty  years.  Mankind,  always  and 
everywhere,  are  superstitious,  credulous,  ready  to  receive  what- 
ever approaches  them  with  an  air  of  mystery,  much  more  so  in 
the  last  century  than  in  the  present ;  and  it  is  certainly  not  unfair 
to  suppose  that  the  earlier  experimenters  in  this  department 
consulted,  to  a  greater  or  less  extent,  the  diagnostic  or  prophetic 
power  of  the  subtle  agent — electricity.  Their  experiments,  we  may 
suppose,  were  unscientific  and  unsatisfactory.  They  were  probably 
neither  based  on  any  well-defined  principles,  nor  conducted  by  any 
intelligible  system.  Accordingly,  they  secured  very  few  tangible, 
or  at  least  communicable  results,  and  if  scientific  men  had  not 
espoused  the  cause  of  electro-therapeutics,  the  phrase  electriza- 
tion, as  a  means  of  diagnosis,  would  never  have  been  known. 
Nearly  all  that  has  been  accomplished  in  a  scientific  way,  in  this 
department,  is  comparatively  recent ;  though  Marshall  Hall  ear- 
nestly called  the  professional  attention  to  the  fact  that  Electricity 
might  assist  us  in  differentially  diagnosticating  paralyris,  as  far 
back  as  1839.*     Since  that  time  the  subject  has  been  ably  studied 

♦  Medico-Chirurgical  Transactions,  1839. 
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by  Todd,  Duchenne,  Remak,  Benedikt,  Meyer,  and,  to  a  greater  or 
less  extent,  by  nearly  all  the  workers  in  the  department  of  electro- 
therapeutics. 

The  foundation  principles,  on  which  Electrization  can  be  made 
a  means  of  diagnosis  of  disease,  are  simply  these  four  : — 

First,  The  fact  that  all  the  parts  and  organs  of  the  body  are  more 
or  less  sensitive  to  the  electric  current^  and  that  this  sensitiveness  is 
modified  by  disease.  • 

If  an  electric  current  be  passed  through  aboil,  or  irritable  ulcer, 
or  the  skin,  like  any  other  irritant,  it  excites  more  pain  than  when 
it  is  applied  over  the  healthy  skin  ;  and  this  pain  which  it  causes 
usually  bears  quite  a  direct  proportion  to  the  nature  and  condition 
of  the  morbid  process.  This  is  so  familiar  and  so  apparent,  that 
to  state  it  is  to  demonstrate  it. 

Now,  the  electric  currents,  during  the  various  processes  of 
electrization,  penetrate  beneath  the  skin,  and,  as  it  has  been  ex- 
perimentally and  practically  demonstrated,  traverse,  to  a  greater 
or  less  extent,  the  principal  vital  organs.  It  is  evident,  there- 
fore, that  those  organs  which  are  abnormally  sensitive,  through 
disease  of  any  kind,  must  feel  the  current  much  more  appreciably 
than  when  in  a  condition  of  health.  But'  the  mechanical  effects 
of  the  electric  currents  work  both  ways,  and  organs  which  are  in- 
durated or  changed  into  an  anaesthetic  condition  by  disease  are 
less  sensitive  than  is  normal  to  the  electric  current,  just  as  they 
are  less  sensitive  to  any  other  mechanical  cause  acting  upon  them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents 
are  passed  through  an  indurated  joint,  or  an  atrophied  liver,  they 
may  produce  no  sensation  whatever. 

Before  making  examinations  to  determine  the  sensitiveness  of 
the  different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know 
their  relative  normal  sensitiveness,  as  indicated  and  described  in 
the  chapter  on  Electro-Therapeutical  Anatomy. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  this 
increased  or  diminished  sensitiveness,  of  any  part  or  organ  must, 
of  necessity,  be  a  very  general  one.  It  simply  informs  us  of,  and 
directs  our  attention  to,  the  fact,  that  such  a  i)art  or  organ  is  in 
some  way  diseased.     The  special  nature  of  this  disease  must  be 
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determined  by  the  ordinary  means  of  differential  diagnosis  at  our 
command.  This  sensitiveness  to  the  electric  current  is  particu- 
larly marked  over  the  prominent  nerve -tracts,  and  in  those  regions 
endowed  with  great  tactile  sensibility.  If  even  a  mild  current  be 
applied  at  those  points  on  the  upper  or  lower  limbs  where  the 
prominent  nerves  are  superficial,  a  feeling  of  tingling  or  numbness 
is  felt  through  the  branches  of  the  affected  nerve  ;  and  if  the  cur- 
rent is  very  much  increased  in  strength,  a  decidedly  anaesthetic 
effect  is  experienced.  In  paralysis  of  sensation,  or  anaesthesia, 
this  feeling  of  tingling,  thrill,  and  numbness,  is  very  much  dimin- 
ished under  the  influence  of  the  electric  current,  or  is  entirely 
absent.  It  is  on  this  principle  that  electrization  becomes  a  most 
valuable  means  of  diagnosis  in  the  various  stages  of  anaesthesia . 
A  condition  of  anaesthesia  or  analgesia  (loss  of  sense  of  pain)  can 
readily  be  detected  by  the  brass  ball  employed  in  general  electri  - 
zation,  or  by  the  metallic  brush,  or  by  any  other  form  of  elec- 
trode. To  detect  analgesia  the  electrode  should  be  moistened  so 
that  the  current  may  penetrate  the  epidermis. 

General  electrization  is  found  to  be  of  great  practical  utilit  y 
in  aiding  us  both  to  determine  the  nature  of  certain  diseases, 
and,  in  some  cases,  their  precise  locality.  In  dyspepsia,  elec- 
trization often  reveals  great  sensitiveness  in  the  epigastric  re- 
gion, and  on  the  left  side  over  the  spleen.  In  severe  dyspepsia, 
accompanied  by  emaciation,  a  current  is  sometimes  painfully 
trasmitted  from  the  middle  of  the  back  to  the  stomach,  through 
the  solar  plexus.  A  peculiar  sinking  sensation  is  sometimes  felt 
at  the  pit  of  the  stomach  when  a  strong  current  is  applied  over 
the  seventh  cervical  vertebra,  or  over  the  brachial  plexus.  All 
these  symptoms,  taken  together,  undoubtedly  suggest  an  aggra- 
vated case  of  dyspepsia,  and  usually  of  the  nervous  variety.  Con- 
gested or  irritable  states  of  the  liver  are  revealed  by  an  abnormal 
and  peculiar  sensitiveness  when  the  current  is  applied  over  the 
right  hypochondriac  region.  Care  must  be  taken,  however,  not 
to  confound  the  normal  sensitiveness  of  the  superficial  nerves 
over  the  ribs,  with  an  abnormal  condition  of  the  liver.  There  are 
certain  diseases  of  this  organ  in  which  it  is  less  sensitive  than 
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usual  to  electrization,  and  sometimes  it  appears  to  be  decidedly 
anaesthetic. 

A  lady  patient  of  ours  who  had  suffered  for  years  from,  hepatic 
disorder  was  very  sensitive  to  the  current  excepting  over  the 
right  hypochondriac  region,  where  she  could  bear  the  whole  power 
of  the  apparatus  without  any  discomfort,  except  that  which  was 
necessarily  caused  by  the  natural  tenderness  of  the  skin.  The 
precise  condition  of  the  liver  at  that  time  we  were  not  able  to 
ascertain.  The  evidence,  however,  was  sufficient  to  confirm  our 
previous  suspicions  in  regard  to  the  existence  of  some  affection 
of  that  organ.  It  may  be  said  in  general,  that  those  diseases 
which  cause  the  liver  to  be  sensitive  to  external  pressure,  also 
cause  it  to  be  sensitive  to  electrization.  The  same  general  prin- 
ciple will  apply  to  the  stomach,  the  spleen,  the  intestines,  and  the 
ovaries.  Our  experience  in  the  electrical  treatment  of  diseases  of 
the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make 
it  quite  probable  that  certain  sensitive  conditions  of  tuberculous 
deposit  may  be  suggested  by  abnormal  sensitiveness  over  the 
apex  of  the  chest. 

In  making  an  electrical  examination  of  the  chest,  care  should 
be  taken  to  avoid  the  ribs,  since  the  nerves  of  their  periosteum 
are  remarkably  sensitive  to  the  faradic  current. 

Electro-diagnosis  of  the  sensitory  nerves  requires  us  to  examine 
the  condition  not  only  of  the  various  portions  of  the  skin,  but 
also  of  the  nerve-branches,  the  plexuses,  and  the  posterior  nerve- 
roots. 

If  in  cutaneous  anaesthesia  we  find  normal  sensitiveness  on  the 
nerve  branches,  we  judge  that  the  disease  is  confined  to  the  alter- 
nate nerve  ramification  only. 

If  in  complete  anaesthesia  of  an  extremity  the  nerve  plexus  ex- 
hibits a  normal  reaction,  we  also  judge  that  the  disease  is  not 
central  but  peripheral,  including  the  nerve-branches. 

For  the  purpose  of  testing  the  condition  of  sensation,  the  fara- 
dic current  is  usually  to  be  preferred,  for  the  reason  that  its 
mechanical  effects  are  greater  than  those  of  the  galvanic. 

77ie  Brain, — In  health  the  head  is  very  sensitive  both  to  gal- 
vanization and  faradization,  in  all  parts  except  the  posterior.     In 
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pathological  cases  this  sensitiveness  may  be  either  increased  or 
diminished.  The  sensitiveness  of  the  head  is  probably  due  more  to 
the  reflex  action  of  the  superficial  nerves,  and  especially  of  the  fifth 
pair,  than  to  the  direct  sensations  of  the  brain  itself.*  In  j^hysi- 
ological  cases  the  symptom  of  dizziness  follows  galvanization  of 
the  brain,  if  the  sitting  be  at  all  protracted ;  in  pathological  cases 
this  symptom  may  be  greatly  exaggerated,  or,  on  the  other  hand, 
may  be  manifested  only  from  a  very  strong  current. 

Spinal  Cord. — In  health  the  spinal  cord  is  but  little  sensitive  to 
the  current.  In  pathological  cases  it  may  exhibit  a  sensitiveness 
to  the  electric  current  that  is  not  revealed  by  pressure  or  by  any 
other  method  of  irritation.  This  condition  is  found  in  neuralgia, 
spinal  irritation,  hysteria,  etc.  It  is  interesting,  also,  to  know  that 
electric  examination  sometimes  indicates  abnormities  in  the  sensi- 
tiveness of  certain  parts  of  the  body  that  exhibit  no  functional 
derangement. f  (For  proofs  that  the  brain  and  spinal  cord  are 
directly  affected  by  external  electrization,  see  p.  86  et  seq.) 

Sympathetic. — The  ganglia  of  the  cervical  sympathetic  may  be 
examined  electrically  by  the  inner  border  of  the  stemo-cleido- 
mastoid  muscle.  Sometimes  all  three  of  the  ganglia  are  abnor- 
mally sensitive  to  galvanization.  This  sensitiveness  is  found  in  a 
large  number  (;f  pathological  conditions,  locomotor  ataxy,  muscular 
atrophy,  various  cerebral  affections,  etc.  We  have  observed  it 
also  in  sjiinal  irritation,  and  during  paroxysms  of  sick  headache. 
This  abnormal  sensitiveness  may  be  frequently  demonstrated  by 
mechanical  pressure. 

Electro-muscular  sensibility  includes,  as  IJenediktJ  remarks,  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may 
exist  without  the  former. 

Success  in  investigating  electro-muscular  sensibility  depends  on 
the  condition  and  intelligence  of  the  patient 

In  conditions  of  cutaneous  hyperaesthesia  it  is  exceedingly  diffi- 

*  I'he  remarkable  case  of  anaesthesia  reported  by  Althaus  (op.  cit.,  p.  137 
et  soj. ),  would  seem  to  show  that  the  sensations  experienced  by  electrization 
of  the  licad  arc  largely  due  to  reflex  action  through  the  fifth  pair. 

f  Benedikt,  op.  cit.,  p.  60. 

X  Op.  cit.,  p.  62. 
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cult,  even  for  the  most  intelligent  patient,  to  distinguish  between 
the  sensitiveness  of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro-muscular  sensibility  is  frequently  diminished, 
together  with  the  electro-muscular  contractility ;  they  often  rise  and 
fall  together.  In  hysteria,  electro -muscular  sensitiveness  to  pain 
is  sometimes  greatly  increased.  Sensation  of  pain  must  not  be  con- 
founded with  the  feeling  of  contraction  when  a  muscle  responds 
to  the  electric  current  The  sensation  of  pain  may  be  produced 
by  the  prick  of  a  needle,  or  by  the  passage  of  an  electric  current 
that  is  too  feeble  to  cause  contraction  of  the  muscles.  The  sub- 
jective feeling  of  numbness^  of  which  patients  so  frequently  com- 
plain, and  that  accompanies  anaesthesia,  may  exist  with  it,  or  at 
least  may  exist  in  those  cases  where  the  aesthesiometer  detects  no 
diminution  of  sensibility. 

Second,  The  fact  that  the  electro-muscular  contractility  and 
irritability  are  more  or  less  modified  by  disease. 

Irritability  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents  ;  contractility  to  the  power  of  actually  contract- 
ing under  whatever  strength  of  current  may  be  necessary.  The 
two  terms  are  very  frequently  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  the  electric 
currents,  has  been  known  since  the  period  of  the  earliest  investi- 
gations in  the  department  of  electro-physiology. 

The  first  systematic  attempts  to  make  diis  a  basis  for  establish- 
ing differential  diagnosis  were  made  by  Dr.  Marshall  Hall,  and 
subsequently  by  Dr.  Todd.  The  conclusions  of  these  distinguished 
experimenters  are  quite  familiar,  and  as  they  were  unsatisfactory 
and  partly  erroneous,  it  is  not  necessary  to  present  them  in  detail. 
More  recent  investigations  have  established  that  the  behavior  of 
the  deep-seated  muscles,  in  regard  to  their  contractility,  is  a  much 
more  complicated  question  than  was  formerly  supposed.  The  con- 
tractile power  of  a  muscle  is  made  up  of  two  factors,  viz.  :  the 
excitability  of  the  intra-muscular  nerve  fibres,  and  the  functional 
capacity  or  irritability  of  the  muscular  substance  itself. 

When,  therefore,  the  contractile  power  of  a  muscle  differs  in  any 
respect  from  the  normal,  this  variation  may  be  due  to  an  abnormal 
condition  of  either  one  or  both  of  these  factors.     Still  further,  it  is 
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known  that  when  the  excitability  of  theintra-muscular  nerve  fibres 
and  the  irritability  of  the  muscular  substance  are  increased,  yet  if 
the  former  has  suffered  more  than  the  latter,  the  contractile  power 
maybe  diminished,  and  vice  versd.  (Benedikt)  In  comparing 
hecUthy  with  diseased  sides  in  paralysis^  it  is  necessary  to  use  not 
only  the  same  strength  of  current^  but  also  the  same  direction  of  the 
current^  and  the  same  relative  position  of  and  pressure  on  the  elec- 
trodes. 

The  general  principles  that  have  thus  far  been  established,  in 
regard  to  the  relation  of  electro-muscular  contractility  to  disease, 
are  as  follows  : — 

I  St.  In  ])aralysis  of  motion,  the  electro-muscular  contractility  is 
sometimes  normal,  occasionally  increased,  and  very  frequently  di- 
minished. 

Increase  of  electro-muscular  contractility  may  be  observed  in 
diseases  of  the  brain,  attended  with  irritative  lesion,  in  certain 
spasmodic  and  hysterical  affections,  and  occasionally  in  locomotor 
ataxy.  Diminution  of  electro-muscular  contractility  is  usually  ob- 
served in  severe  diseases  of  the  s])inal  cord,  in  rheumatic  paraly- 
sis, lead-palsy,  in  well-marked  progressive  muscular  atrophy,  and 
in  paralysis  from  injury  of  a  nerve  in  some  part  of  its  course. 

2d.  In  certain  central  diseases,  the  electro-muscular  contractil- 
ity is  at  first  normal  or  diminished,  and  afterwards  increases  with 
the  progress  of  the  disease,  until  it  becomes  greater  than  normal. 

The  length  of  time  that  is  necessary  to  illustrate  these  vari- 
ations depends  on  the  nature  of  the  disease.  In  chronic  inflam- 
mations of  the  spinal  cord,  in  effusions  in  the  brain,  causing  hemi- 
plegia, these  variations  may  run  through  many  weeks  and  months. 
In  cases  of  hemiplegia  also,  these  different  conditions  of  the 
electro-muscular  contractility  may  run  in  a  circle ;  being  some- 
times normal,  sometimes  increased,  and  sometimes  diminished. 
(Benedikt.)  All  these  changes  correspond,  of  course,  to  certain 
changes  in  the  pathological  condition  of  the  diseased  brain.  Just 
what  this  correspondence  is  in  each  case,  cannot,  in  the  present 
state  of  electro-pathological  science,  be  well  determined. 

In  cancer  of  the  brain  and  similar  extending  affections,  there  may 
be  a  remission  of  the  muscular  contractions  during  electrization. 

12 
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According  to  Beftedikt,  this  is  an  evidence  of  pathological  ex- 
haustion.    This  has  been  observed  in  aphasia. 

3d.  The  fact  that  certain  forms  of  paralysis  behave  very  differ- 
ently under  the  faradic  and  the  galvanic  current  Muscles  over 
which  a  faradic  current  can  have  no  influence,  may  contract  easily 
under  a  milder  galvanic  current  than  is  necessary  to  produce 
contractions  of  the  same  muscles  in  health.  Sometimes,  as  the 
paralyzed  muscles  recover,  they  regain  their  power  of  contracting 
under  the  faradic  current,  at  the  same  time  proportionately  losing 
their  contractility  under  the  galvanic. 

This  fact,  that  in  certain  peripheral  paralyses  galvano-muscular 
contractility  may  remain  after  far  ado- muscular  contractility  is 
wholly  lost,  was  first  pointed  out  by  Baierlacher  in  1859.  His  ob- 
servations have  since  been  confirmed  by  Schulz,  Meyer,*  Ham- 
mond, Radcliffe,  Ziemssen,f  Legros  and  Onimus,J  ourselves,  §  and 
other  observers.    (See  section  on  peripheral  paralysis.) 

From  the  experiments  of  Neumann  and  Bruckner,  it  would  ap- 
pear that  this  difference  in  the  action  of  the  two  currents  is  due 
to  the  longer  duration  of  the  galvanic  current,  which  allows  it  to 
produce  an  effect  on  the  diseased  muscles  which  the  faradic  cur- 
rent, on  account  of  the  rapidity  of  its  interruption,  could  not  pro- 
duce. 

It  was  found  by  these  observers  that,  in  cases  of  muscular  de- 
generation, where  contractions  under  the  galvanic  current  were 
more  readily  excited  than  in  the  corresponding  muscles  of  the 
healthy  side,  no  effect  was  produced  if  the  current  was  very  rapidly 
interrupted.  The  same  phenomena  were  obtained  from  experiments 
on  the  sciatic,  crural,  tibial,  and  peroneal  nerves.  It  has-been 
suggested  by  Eulenburg  that  just  as  the  sensory  nerves  have  seve- 
ral distinct  functions,  as  touch,  sensibility  to  pain,  temperature, 
pressure, — one  or  more  of  which  may  be  abolished  while  the  rest 
are  intact, — so  the  motor  nerves  may  have  three  distinct  powers, 
— response  to  galvanization,  to  faradization,  and  to  the  will, — one 

♦  Op.  cit.,  p.  417. 

f  £lectricitat  in  tier  Medicin,  1866,  p.  76. 

\  Op.  dt.,  p.  61. 

§  New  York  Medical  Record,  1868,  p.  409. 
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or  two  of  which  may  be  separately  injured  or  abolished  by  dis- 
ease. 

In  regard  to  their  irritability  when  in  a  pathological  condition, 
muscles  and  nerves  are  subject  to  different  laws. 

It  has  been  shown  by  Erb,*  and  corroborated  by  Ziemssen 
and  Weiss,  t  that  the  motor  nerves,  when  they  have  been  so 
injured  as  to  lose  their  irritability  to  the  faradic  current,  also  lose 
their  irritability  to  the  galvanic  current,  and  that  the  increased 
irritability  which  is  seen  in  such  cases  under  galvanization  is  due 
to  the  muscles. 

After  the  nerve  has  been  injured  by  actual  division,  by  bruising, 
or  by  rheumatic  effusion,  it  at  once  begins  to  lose  its  irritability 
to  both  galvanic  and  faradic  currents. 

This  diminution  of  irritability  advances  from  the  centre 
towards  the  periphery,  and  at  the  end  of  the  second  week  both 
galvanic  and  faradic  irritability  are  destroyed.  As  the  nerve 
recovers,  irritability  to  the  galvanic  and  the  faradic  currents  reap- 
pear together. 

With  the  muscles,  on  the  other  hand,  there  is  at  first  no  lessen- 
ing of  the  irritability  to  either  current  until  after  a  week.  At  this 
time  the  faradic  irritability  begins  to  fall  and  the  galvanic  irrita- 
bility begins  to  rise. 

In  a  few  days  the  galvanic  irritability  becomes  so  much 
increased  that  4he  muscles  respond  to  a  much  feebler  current 
than  usual. 

At  this  stage  there  is  a  change  in  the  character  as  well  as  in 
the  degree  of  the  irritability  of  the  muscles. 

This  change  is  twofold  : — 

1.  The  negative  pole  produces  as  great  or  greater  effect  on 
opening  than  the  positive  :  in  a  normal  condition  of  the  mus- 
cles the  positive  produces  greater  effects  on  opening  than  the 
negative. 

2.  The  positive  pole  produces  a  greater  effect  on  closing  than 
on  opening ;  in  a  normal  condition  of  the  muscles  the  greater 
effect  at  the  closing  is  produced  by  the  negative  pole. 

*  Deutsches  Archiv  fUr  klinische  Median^  Band  iv.,  1866. 
t  Ibkl ,  Band  iv.,  186S. 
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In  about  twelve  weeks  there  is  a  renewed  diminution  of 
galvanic  irritability ;  this  diminution  goes  on  until  twice  as  great 
a  strength  of  current  is  necessary  to  produce  contractions  as  in  the 
corresponding  muscles  of  the  healthy  side.  Slight  contractions 
may  now  be  produced  by  the  faradic  current. 

These  changes  of  irritability  seem  to  bear  no  definite  relation 
to  the  volitional  power. 

It  should  be  remembered  that  the  characteristic  reaction  of 
paralyzed  muscles  to  the  electric  influence  is  frequently  not 
observable  at  the  outset  of  the  disease  :  sometimes  several  weeks 
elapse  before  there  appears  the  diagnostic  evidence  of  changed 
electro-muscular  contractility  or  sensibility.  Especially  is  this  the 
case  in  spinal  paralysis,  also  in  rheumatic  and  facial  paralyses, 
sometimes  also  in  hemiplegia.  Again,  it  is  necessary,  in  doubtful 
cases,  not  to  depend  on  any  single  examination,  but  to  form  an 
opinion  from  a  number  of  examinations  taken  at  diflferent  times. 

If  a  muscle  exhibits  diminution  of  contractility  under  elec- 
tric irritation,  but  reacts  normally  to  the  a//7/,  the  conclusion  is 
that  the  muscle  is  not  injured,  but  that  the  abnormity  is  caused 
by  change  in  the  irritability  of  the  intra-muscular  fibres.  This  is 
observed  in  certain  stages  of  traumatic  and  lead  paralysis. 

We  arrive  at  the  same  conclusion  in  those  cases  where  the  mus- 
cles refuse  to  contract  under  direct,  but  respond  normally  to  indi- 
rect, electrization. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  since,  from 
their  anatomical  position,  they  cannot  be  made  to  contract  by 
direct,  but  only  by  indirect,  reflex  action  from  the  fifth  pair. 

Cases  where  reaction  is  lost  both  to  the  will  and  electrization 
indicate  actual  injury  of  the  muscle. 

Furthermore,  it  should  be  considered  that  the  electro-muscular 
contractility  and  sensibility  of  diseased  muscles  may  be  and  are 
greatly  modified  by  the  treatment,  both  permanently  or  tempora- 
rily. Thus  galvanization  of  the  sympathetic  in  muscular  atrophy 
increases,  while  galvanization  of  the  brain  in  hemiplegia  some- 
times diminishes,  the  electro-muscular  contractility  of  the  affected 
muscles.  Modification  may  take  place  even  during  the  stance. 
Another  fact  of  interest  and  importance  is  that  electric  exam- 
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ination  sometimes  reveals  changes  in  muscles  that  manifest  no 
functional  disturbance. 

Third.  That  the  physiological  reaction  of  the  central  and  peri- 
pheral nervous  systems  to  the  galvanic  current  is  essentially  changed 
when  the  nerve  is  in  a  pathological  condition. 

This  is  true  of  the  spinal  cord,  the  motor  and  sensitive  nerves, 
of  the  nerves  of  special  sense,  and  of  the  sympathetic.  According  to 
Benedikt,  if  the  negative  pole  is  placed,  for  example,  on  the  peroneal 
nerve,  and  the  positive  on  the  patella,  with  an  interrupted  current, 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed 
on  the  cervical  or  lumbar  vertebrae.  The  more  the  central  parts 
are  included  in  the  circuit  the  greater  the  irritation.  In  patholo- 
gical conditions  this  reaction  is  changed. 

On  the  subject  of  altered  irritability  of  nerve-tracts  Benedikt 
thus  remarks  : — * 

1.  That  the  motor  irritability  of  the  ascending  current  in  the 
normal  condition,  in  the  nerve-muscle,  plexus-nerve,  and  plexus- 
muscle  current,  is  greater  than  the  descending,  and  that  this  rela- 
tion is  changed  in  pathological  cases. 

2.  That  the  motor  irritability  increases  from  the  periphery  to- 
ward the  centre  when  the  poles  are  so  placed  as  to  include  more 
central  portions  of  the  nerve-tract  in  the  circuit. 

3.  Opening  contractions  are  regarded  by  Benedikt  as  character- 
istic evidences  of  certain  fonns  of  locomotor  ataxy.  They  are  ob- 
served also  in  neuritis  and  in  chorea  minor.  They  indicate  a 
molecular  disturbance.  They  accompany  both  increased  and  di- 
minished irritability,  usually  the  latter,  f 

Auditory  Nerve, — Brenner  and  Erb  have  shown  that  the  reac- 
tion of  the  auditory  nerve  to  galvanic  irritation — the  strong  sub- 
jective sensations  of  sound — is  materially  changed  by  disease ;  and 
by  this  they  judge  of  the  condition  of  the  nerve.  (See  Diseases 
of  the  Ear.) 

Optic  Nerve, — The  reaction  of  the  optic  nerve  under  the  in- 

♦  Op.  dt.,  p.  56. 

f  These  views  of  Benedikt,  concerning  the  significance  of  "  opening  con- 
tractions,*' have  been  severely  criticised  by  Brenner  (**  Untersuchungen/'  &c., 
Bd.  II.,  1869,  p.  215  et  seq.). 
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fluence  of  the  galvanic  current  reflected  from  the  fifth  pair,  or  from 
other  nerves  in  the  neck,  is  attended  with  flashes  of  light.  In 
certain  pathological  cases,  as  we  have  observed,  flashes  of  light 
may  be  produced  by  the  faradic  current.  In  other  pathological 
cases  the  flashes  of  light  do  not  appear  during  galvanization,  or 
only  when  a  very  strong  current  is  used.  We  have  observed  very 
marked  differences  in  the  reaction  of  the  optic  nerve  in  the  two 
eyes  when  one  was  diseased  and  the  other  healthy.  Flashes  of 
light  from  galvanization  of  the  lower  part  of  the  spine  are  indicative 
of  abnormal  irritability  or  organic  disease  of  the  spinal  cord.  .  They 
are  observed  in  locomotor  ataxy  and  spinal  irritation. 

Olfactory  and  Gustatory  Nerves. — The  peculiar  smell  that  is 
experienced  on  galvanization  of  the  olfactory  nerve  may  be  either 
increased  or  diminished  by  disease.  It  is  absent  in  paralysis  of 
the  olfactory  nerve. 

The  peculiar  metallic  taste  that  follows  galvanization  of  the 
tongue,  or  that  is  experienced  by  reflex  action  when  the  galvanic 
current  is  applied  on  the  neck  and  upper  part  of  the  spine,  is  sub- 
ject to  various  modifications  by  disease.  In  irritable  conditions 
of  the  cord  we  have  observed  that  this  metallic  taste  will  ap- 
pear when  the  application  is  made  in  the  lower  part  of  the  spine. 
In  two  striking  instances  it  was  experienced  from  faradization  of 
the  cilio-spinal  region. 

Fourth.  The  fact  that  in  certain  central  diseases^  and  in 
conditions  of  exalted  irritability^  as  hysteria^  the  effect  of  the 
electric  current  in  the  periphery  is  sensitively  transmitted  to  the 
cord,  and  by  reflex  action  may  be  communicated  to  the  other  half 
of  the  body  and  to  the  entire  periphery,  so  as  to  produce  contraction. 

This  phenomenon  never  occurs  in  health.  We  have  usually  ob- 
served it  in  organic  diseases  of  the  central  nervous  system.  It 
is  entirely  probable,  however,  that  it  might  occur  in  severe  ex- 
haustion of  the  cord  attended  with  hyperresthesia ;  but  from  our 
present  experience  we  regard  this  symptom — viz.,  the  sensitive 
reflex  action  of  the  electric  current — ^as  frequently  indicative  of 
inflammation,  or  at  least  congestion,  of  the  cord  or  of  its  mem- 
branes. The  first  case  in  which  we  observed  this  remarkable 
phenomenon  was  that  of  a  lady  of  middle  life,  who,  for  several 
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years,  had  suffered  from  all  the  symptoms  of  declared  chronic 
myelitis.  We  were  first  struck  by  the  fact  that  even  a  very  mild 
current  over  the  upper  portion  of  the  back  was  sensitively  felt 
down  the  right  leg. 

This  symptom  we  have  never  known  to  occur  in  a  perfectly 
healthy  condition  of  the  spinal  cord.  Afterward  we  found  that 
a  very  short  as  well  as  very  mild  application  of  the  current  to 
one  leg  caused  a  disagreeable  feeling  of  pain  and  heaviness  not 
only  in  this  leg,  but  also  in  the  other,  for  several  days  following 
the  application.  In  another  case  of  general  paralysis  dependent 
on  spinal  congestion,  a  very  feeble  current  localized  in  one  hand, 
or  in  one  foot,  would  be  appreciably,  and  oftentimes  painfully, 
felt  through  all  the  four  extremities.  The  patient  declared  that 
the  sensation  was  like  that  of  "  waves  rolling  through  the  body." 

A  still  more  marked  illustration  of  the  diagnostic  power  of 
electrization  was  the  following  : 

In  the  case  of  a  lady  whose  lower  limbs  had  been  somewhat 
paralyzed  for  two  years,  who  presented  thus  far  no  marked 
symptoms  of  severe  organic  disease  of  the  cord,  we  were  inclined 
to  suspect  that  her  paraplegia  might  be  due  to  nervous  exhaustion, 
until  this  abnormal  reflex  sensitiveness  to  the  electric  current 
seemed  to  establish  the  existence  of  myelitis,  or  at  least  menin- 
gitis. We  first  observed  that  a  feeble  current  in  the  neck  was 
felt  down  the  spine,  and  subsequently  the  patient  complained 
that  a  strong  current  down  the  lower  extremities  transmitted  pain 
to  the  back.  The  occurrence  of  this  abnormal  symptom  forced 
us  to  the  unwilling  conclusion  that  we  were  dealing  with  a  case 
of  organic  disease  of  the  spine.  The  subsequent  history  of  the 
case  has  confirmed  this  diagnosis.  It  has  been  shown  by  Bene- 
dikl,*  that,  in  certain  morbid  conditions,  electrization  of  one  ex- 
tremity produces  contractions  in  the  other.  This  phenomenon 
has  been  observed  in  progressive  muscular  atrophy,  and  in  cer- 
tain reflex  neuroses. 

This  fact  enables  us  not  only  to  make  a  diagnosis  of  central 
disease,  but  in  certain  cases  even  to  localize  the  precise  seat  of 
the  affection.     In  a  case  of  facial  paralysis,  in  which  electrization 

*  Die  EUektrotherapie,  p.  65. 
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of  the  affected  side  produced  a  throwing  backward  of  the  trunk, 
Benedikt*  ventured  the  diagnosis  of  infiltration  at  the  origin  of 
the  trigeminus,  which  was  confirmed  on  a  post-mortem  examina- 
tion by  Dr.  Meyeet 

We  are  confident  that  in  all  these  cases  of  crossed  reflex  con- 
tractions— ^just  as  in  the  cases  of  crossed  reflex  sensation  above 
cited — there  is  alwayjs  some  central  disease.  This  symptom 
when  it  occurs  may  then  be  regarded  as  diagnostic. 

Crossed  reflex  sensations  and  crossed  reflex  contractions  may 
be  manifested  simultaneously  in  a  patient  affected  with  organic 
disease  of  the  spinal  cord.  This  singular  coincidence  was  ob- 
served in  the  case  above  recorded  of  the  lady  who  complained  of 
waves  of  sensation  all  over  the  body  when  the  current  was  ap- 
plied to  any  one  of  the  four  extremities.  These  peculiar  sensa- 
tions were  sometimes  accompanied  by  feeble  and  spasmodic 
muscular  contractions.  Benedikt  f  states  emphatically  that 
crossed  reflexes  are  diagnostic  of  affections  of  the  pons  varolL 

General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body, 
after  electrization,  is  also  diagnostic  of  central  disease.  We  have 
observed  it  in  one  case  of  softening  of  the  brain,  and  in  a  number 
of  cases  of  hemiplegia.  This  general  or  partial  tremor  does  not 
appear  unless  a  considerable  strength  of  current  has  been  em- 
ployed, or  the  application  has  been  much  prolonged. 

Under  this  head  are  properly  included  the  "  diplegic  contrac- 
tions" described  by  Remak,  Fieber,J  and  Benedikt  §  (See 
Chapter  on  Sympathetic. 

Feigned  Diseases. — By  the  application  of  the  principles  stated 
above,  the  electric  currents  may  be  of  great  service  in  helping  us 
to  distinguish  real  from  feigned  disease.  A  case  of  pretended 
paralysis  of  motion  or  sensation  can  readily  be  settled  by  apply- 
ing the  current  to  the  limb,  since  no  force  of  will  can  fully  resist 
the  energy  of  the  contractions  that  electricity  may  excite  in 
healthy  muscles,  or   the  pain  that  can  be  produced  by  strong 

•  Op.  cit,  p.  64.        f  lb.  p.  65. 

t  Die  diplegischen  Contractionen  nach  Versuchen  an  Menschen  und  Thieren. 
Berlin,  1866. 

§  Op.  cit., i  p.  68,  etc. 
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faradization  of  the  skin.  The  principle  will  work  both  ways,  and, 
if  the  electro-muscular  contractility  is  diminished  below  the 
nonnal  standard,  we  may  know  that  the  disease  is  real.  Where 
one  side  or  one  limb  only  is  affected,  the  comparison  between  the 
healthy  portions  and  those  where  disease  is  suspected  can  easily 
be  made.  Dr.  Russell  Reynolds*  mentions  a  patient  with  hemi- 
plegia who  was  supposed  to  be  malingering.  Electrization  of  the 
limbs  on  both  sides  showed  clearly  a  diminution  of  contractility 
on  one  side,  as  the  patient  represented,  and  accordingly  the  case 
was  pronounced  to  be  one  of  real  hemiplegia. 

*  Lancet,  April  16,  1870. 
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CHAPTER   XV. 

GALVANIZATION  OF  THE  SYMPATHETIC, 

The  attention  of  the  profession  was  called  to  the  therapeutical 
action  of  the  galvanic  current  on  the  cervical  ganglia  of  the  sym- 
pathetic by  Professor  Remak,*  of  Berlin,  who  was  the  first  to  note 
the  fact,  now  well  recognized  among  electro-therapeutists,  that 
contractions  of  the  muscles  of  one  or  both  of  the  upper  extremities 
may  be  produced  by  placing  the  positive  pole  in  the  auriculo-max- 
illary  fossa,  just  anterior  to  the  ascending  ramus  of  the  lower  jaw, 
and  the  negative  by  the  side  of  the  sixth  cervical  vertebra.  The 
theory  of  Remak,  that  these  contractions,  to  which  he  gave  the 
name  of  "  diplegic^^  were  caused  by  irritation  of  the  superior  gan- 
glia of  the  sympathetic,  was  confirmed  by  Fieber,f  by  experiments 
on  animals  in  whom  the  sympathetic  was  exposed,  and  subjected 
to  the  action  of  the  electric  current. 

Strong  currents — from  twenty  to  forty  elements — are  usually, 
though  not  always,  necessary  to  produce  these  contractions.  The 
contractions  may  be  of  various  degrees,  from  mild  drawing,  with 
scarcely  perceptible  oscillations,  to  violent  movements  resembling 
chorea.  They  may  appear  in  the  interossei  or  in  the  muscles  of 
the  arm  or  forearm  of  one  or  both  sides.  They  may  also  appear 
in  other  i)Ositions  of  the  electrode  than  the  one  described.  From 
one  to  five  minutes  are  usually  necessary  to  excite  them,  and  they 
may  continue  for  a  few  moments  after  the  application  has  ceased. 

There  are  two  obvious  reasons  why  galvanization  of  the  sym- 
pathetic in  the  living  man  should  not  have  the  same  marked 
effect  as  on  animals  when  the  ganglia  are  exposed. 

♦  Application  du  coiirant  constant  au  traitement  des  neuroses.     Paris,  i86c. 
f  Die  diplegischen  Contractionen  nach  Versuchen  an  Menschen  und  Thieren. 
Berlin,  1866,  pp.  21,  22,  23. 
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First.  The  anatomical  position  of  even  the  most  accessible 
ganglia  is  such  that  the  current  can  only  be  applied  to  them  by 
first  traversing  other  tissues.  It  is  therefore  impossible  for  them  to 
feel  the  full  power  of  either  pole. 

Secondly.  The  sympathetic  cannot  be  electrized  without  at  the 
same  time  electrizing  other  important  parts  -of  the  central  or 
peripheral  nervous  system.  Thus,  in  tlie  first  method  (see  fig.  40, 
p.*  175),  the  upper  portion  of  the  spinal  cord,  and  in  the  second 
method,  the  pneumogastric,  is  included  in  the  circuit  Jn  all  the 
other  methods  either  the  brain  or  spinal  cord  must  be  more  or  less 
affected. 

But  although  exclusive  localization  of  the  current  in  any  of  the 
sympathetic  ganglia  of  the  living  man  is  impossible,  yet  the  im- 
portant physiological  and  therapeutical  results  that  arise  from 
a[)plying  the  current,  especially  the  galvanic,  through  those  parts 
in  which  the  ganglia  are  most  accessible,  show  conclusively  and 
in  a  most  interesting  manner  that  these  ganglia  are  directly 
affected,  and  that  the  difference  in  the  effects  of  such  applica- 
tions on  the  living  and  on  the  exposed  animal  are  merely  differ- 
ences of  degree. 

In  order  to  determine  the  physiological  effects  of  galvanization 
of  the  cervical  sympathetic,  we  have  experimented  considerably 
on  ourselves  and  others  in  comparative  health.  The  applications 
were  made  in  the  manner  above  described  in  figure  40,  usually 
with  a  modification  of  Stohrer's  battery,  or  with  a  number  of 
Smee's  elements.  The  number  of  cells  used  ranged  between  ten 
and  twenty-five,  and  the  length  of  the  seances  was  from  two  to  five 
minutes.  The  effects  experienced  from  these  applications  were 
as  follows : — 

I.  A  slight  feeling  of  drowsiness. — This  sometimes  began  to 
be  perceptible  shortly  after  the  electrodes  were  applied,  increased 
u[>  to  a  certain  point,  and  continued  for  some  little  time  after  the 
seance  was  over.  In  many  cases  it  is  not  observed  until  the  lapse 
of  {we.  or  ten  minutes  after  the  s6ance.  The  feeling,  which  was 
by  no  means  constant,  was  usually  so  slight  that  it  might  not  have 
been  observed,  had  we  not  in  our  experiments  kept  closely  on 
the  watch  for  every  sensation  exi)erienced  during  or  just  after  the 
application. 
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On  the  accepted  theory  that  a  state  of  cerebral  anaemia  pre- 
disposes to  sleep,  we  should  reason,  h  priori^  that  electrization  of 
the  sympathetic  ought  to  induce  a  feeling  of  drowsiness,  since  it 
unquestionably  diminishes  the  current  of  blood  in  the  brain, 
and  experimentally  we  have  found  that  it  does  thus  induce  a  slight 
and  temporary  disposition  to  sleep,  although  this  result  is  probably 
far  less  marked  than  it  would  be  ifi  without  injury  to  the  living  sub- 
ject, the  application  could  be  made  directly  to  the  ganglia. 

Dr.  Hammond*  has  found  that  galvanization  of  the  sympa- 
hetic  caused  contraction  of  the  vessels  of  the  brain,  as  may  be 
demonstrated  by  examining  the  retina  with  the  ophthalmoscope 
during  the  application. 

From  observations  that  we  have  made  at  different  times  and  by 
various  methods  of  application,  it  would  appear  that  anaemia  of 
the  retina  is  not  a  uniform  or  necessarily  an  immediate  result  of 
galvanization  of  the  sympathetic,  but  that  h)rperaemia  may  some- 
times be  temporarily  produced  ;  and  in  other  cases  no  change  in 
the  vascular  condition  of  the  retina  is  observed,  beyond  a  slight 
enlargement  of  the  veins. 

In  order  to  detennine  this  question,  we  have  instituted  a  num- 
ber of  experiments  on  our  own  persons,  with  the  aid  of  several 
ophthalmologists. 

The  positive  electrode,  connected  with  a  galvanic  current  of 
twenty  Stohrer's  cells,  was  placed  in  the  right  auriculo-maxillary  fos- 
sa, and  the  negative  over  the  sixth  and  seventh  cervical  verte- 
brae. Dr.  St.  John  Roosa  examined  the  retina  with  the  ophthalmo- 
scope just  before,  during,  and  about  five  minutes  succeeding  the 
applications.  During  the  passing  of  the  current,  Dr.  Roosa  ob- 
served that  the  arteries  of  the  retina  increased  in  size,  and  that 
more  vessels  were  brought  into  view.  The  applications  were 
continued  from  two  to  five  minutes.  On  examining  the  condition 
of  the  retina,  about  five  minutes  after  the  application  had  ceased. 
Dr.  Roosa  observed  a  marked  decrease  in  the  size  and  the  num- 
ber of  the  arteries.  It  was  evident  that  the  secondary  effect  of 
the  galvanization  was  to  produce  anaemia  of  the  retina,  since  it 
presented  fewer  and  smaller  blood-vessels  than  before  the  appli- 

*  Journal  of  Psychological  Medicine,  April,  1870,  p.  249. 
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cation.  The  experiment  was  repeated  on  both  of  us,  and  on  both 
sides,  and  with  substantially  the  same  results. 

Dr.  Roosa  subsequently  repeated  his  examinations  at  the  Man- 
hattan Eye  and  Ear  Infirmary,  when  a  galvanic  battery  of  smaller 
Smee*s  elements  was  used,  and  the  negative  pole  was  placed  in 
the  auriculo-maxillary  fossa.  He  observed  the  same  changes  in  the 
condition  of  the  retina,  though  they  were  not  fully  as  marked  as  in 
the  preceding  experiments. 

Dr.  Loring,  who  examined  the  retina  with  the  ophthalmoscope 
before,  during,  and  after  the  passing  of  the  current,  observed  a 
marked  increase  in  the  size  of  the  veins,  but  no  change  in  the  size 
of  the  arteries. 

The  same  examination  of  the  retina  was  afterwards  made  by 
Dr.  Hack  ley,  at  our  office.  A  feebler  current  was  used  than  in 
the  former  experiments.  He  noticed  a  slighter  enlargement  of 
the  veins,  and  also  a  slighter  change  in  the  arteries,  but  no  decided 
anaemia  after  the  application. 

When  the  positive  electrode  was  placed  in  the  auriculo-maxillary 
fossa  and  the  negative  on  the  deltoid  muscle  of  the  opposite  side, 
Dr.  Hackley  observed  a  very  slight  contraction  of  the  arteries  with- 
out any  primary  hyperasmia. 

We  had  supposed  that  the  enlargement  of  the  veins  observed 
by  Drs.  Loring  and  Hackley  might  be  due  to  simple  pressure  of  the 
electrode  on  the  jugular  vein,  but  Dr.  Hackley  failed  to  discover 
any  change  in  the  appearance  of  the  veins,  while  very  firm  pres- 
sure was  made  on  the  aiuiculo- maxillary  fossa  by  an  electrode  not 
connected  with  the  battery. 

In  order  to  determine  whether  the  faradic  current  could  pro- 
duce any  effect  on  the  vascular  condition  of  the  retina,  we  direct- 
ed as  strong  a  faradic  current  as  could  be  borne  through  the  cervical 
ganglia,  in  the  manner  described  in  Fig.  40  (p.  175).  Dr.  Hackley 
examined  the  retina  before,  during,  and  after  application.  At  first 
no  change  was  observed.  After  the  stance  had  been  continued 
twice  as  long  as  is  usual  when  the  galvanic  current  was  employed, 
slight  congestion  of  the  retina  was  observable,  which  soon  disap- 
peared  after  the  close  of  the  application. 

This  observation,  taken  in  connection  with  the  clinical  fact  that 
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general  faradization  is  followed  by  the  disposition  to  sleep  and 
equalization  of  the  circulation,  as  well  as  by  changes  in  the  pulse 
that  are  observed  from  galvanization  of  the  sympathetic,  shows 
pretty  conclusively  that  the  practical  difference  between  the  two 
currents  is  mainly  one  of  degree. 

Our  observations  would  seem  to  show  that  the  effects  of  gal- 
vanization of  the  cervical  sympathetic  on  the  retina,  like  the  thera- 
peutical effects,  vjtry  raDre  or  less  with  the  strength  of  the  cur- 
rent, the  length  of  the  application,  and  the  position  of  the  elec- 
trodes. 

The  subject  is  worthy  of  diligent  and  systematic  investigation. 

If  it  shall  be  established  by  further  experiments  that  anaemia  of 
the  retina  follows  galvanization  of  the  cervical  sympathetic,  and  if 
it  be  conceded  that  the  vascular  condition  of  the  retina  unifonnly 
partakes  of  the  vascular  condition  of  the  brain  (a  question  that  is 
not  yet  fully  settled),  then  the  slight  tendency  to  sleep,  sometimes 
observed  after  this  method  of  treatment,  is  satisfactorily  ex- 
plained. Since  absolute  and  exclusive  localization  of  the  current 
in  the  sympathetic  is  impossible,  the  effects  observed  by  ourselves 
are  also  not  unlikely  modified  by  the  effect  of  the  current  on  the 
upper  portion  of  the  spinal  cord. 

The  same  remark  will  apply  to  the  therapeutical  effects  of  these 
applications. 

2.  A  feeling  of  warmth  through  the  system. — This  was  not  a 
constant  symptom,  though  it  was  oftentimes  very  decided.  A 
strong  current  may  cause  sensible  perspiration.  The  extent  to 
which  this  was  felt  was  manifestly  dependent  on  the  strength 
of  the  current  and  the  length  of  the  application.  It  was  usually 
felt  but  a  short  time  after  the  s6ance  was  completed.  We  have 
observed  this  effect  more  frequently  and  more  markedly  in  the 
susceptible  and  nervous  than  in  the  cold  and  phlegmatic,  and 
most  frequently  in  pathological  cases. 

3.  A  marked  effect  on  the  pulse, — It  was  sometimes  accelerated, 
but  more  frequently  lowered,  two,  three,  four  or  more  beats. 

In  order  to  determine  the  effects  of  electrization  of  the  sympa- 
thetic on  the  pulse,  we  made  the  examinations  immediately  before 
and  immediately  after  the  applications.      Every  precaution  was 
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taken  to  avoid  error,  by  allowing  an  interval  of  rest  before  the 
sitting,  in  order  to  give  time  for  the  subsidence  of  the  pulse  to  its 
natural  condition,  from  any  excitement  that  it  may  have  received 
from  the  exertion  of  walking  or  the  labor  of  partially  disrobing. 
In  cases  of  doubt  the  whole  minute  was  counted,  in  some  instances 
several  times  in  succession.  A  patient  unaccustomed  to  the  sen- 
sation produced  by  the  electric  current,  or  to  the  modus  operandi 
of  its  employment,  might  experience  an  acceleration  of  the  pulse 
from  simple  mental  excitement,  not  only  prior  to  or  at  the  com- 
mencement of  the  sitting,  but  also  during  or  after  the  appli- 
cation. Error  from  this  cause  was  in  our  cases  manifestly  im- 
possible, and  all  the  others  on  whom  we  experimented  with  a  view 
to  obtain  physiological  results  were  so  well  familiarized  to  the 
medical  employment  of  electricity  that  they  would  receive  any 
treatment  proposed  with  cool  indifference.  In  order  still  fur- 
ther to  guard  against  error,  and  at  the  same  time  to  observe  the 
continuance  or  permanency  of  the  effect  of  the  experiments,  we 
repeated,  in  some  instances,  our  examinations  of  the  pulse  at 
intervals  of  fifteen  minutes  or  half  an  hour  after  the  sitting  was 
over. 

A  corroborative  evidence  that  these  changes  in  the  pulse  were 
due  to  the  action  of  the  current,  and  not  to  mental  excitement, 
is  found  in  the  fact  that,  after  an  interval  of  five,  ten,  or  fifteen 
minutes,  the  pulse  returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied 
by  perceptible  changes  in  its  character,  which,  if  careful  sphygmo- 
graphic  observations  had  been  made,  might  perhaps  have  been 
reduced  to  some  general  law. 

Eulenburg  and  Schmidt  (quoted  by  Althaus)  found  that  when 
the  positive  pole  of  from  20  to  40  of  Daniells'  elements  was  placed 
at  the  manubrium  sterni  and  the  negative  pole  in  the  auriculo- 
maxillary  fossa,  the  pupil  of  that  side  was  at  first  slightly  dilated 
and  afterwards  contracted.  These  changes  in  the  pupil  are  not  uni- 
form in  their  appearance.  In  some  cases  they  appear  at  once 
after  closing  the  circuit,  and  in  others  after  the  lapse  of  half  a 
minute  or  minute,  and  in  others  still,  after  interruptions.  These 
phenomena  are  liable  to  many  variations,  according  to  the  strength, 
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length,  and  locality  of  the  applications.  If  an  electrode  is  placed 
in  the  auriculo-maxillary  fossa  of  each  side,  the  changes  in  the 
pupil  occur  on  both  sides,  but  are  more  marked  on  the  side  on 
which  is  the  negative  pole.  The  same  application,  continued  for 
some  time  with  a  strong  current,  reduced  the  normal  pulse  from 
4  to  1 6  beats  a  minute,  and  the  pathological  pulse  even  more, 
diminished  the  tension  in  the  carotid  and  vertebral  arteries,  and 
markedly  altered  their  sphygmographic  tracings.  The  same  ob- 
servers found  that  galvanization  of  the  spine  also  diminished  the 
beats  of  the  pulse. 

PATHOLOGICAL    CASES. 

Paralysis  of  the  inter-ossei  of  the  left  hand—Diplegic  contractions  on  gal- 
vanization  of  the  sympathetic — Some  improvement. 

Case  i.  —Mr.  P.,  afflicted  with  paralysis  of  the  extensor  muscles  of  all  the 
fingers  of  the  right  hand,  was  directed  to  us  by  Dr.  J.  J.  Crane.- 

The  patient  had  observed  some  slight  loss  of  power  in  the  affected  members 
for  more  than  a  year  previous,  but  was  unable  to  ascribe  any  cause  other  than 
a  violent  wrench  to  the  hand,  that  was  followed  by  several  bursas.  A  dozen 
applications  of  the  galvanic  current  resulted  in  some  very  slight  improvement 
in  the  condition  of  the  paral3czed  muscles.  The  so-called  diplegic  contractions 
in  the  diseased  muscles  were  readily  observed  on  galvanization  of  the  cervical 
sympiathetic.  At  first  these  contractions  were  induced  only  when  a  current  of 
considerable  intensity  was  used,  but  at  each  subsequent  application  less  tension 
was  required,  until  an  exceedingly  weak  current  was  sufhcient  to  produce  the 
phenomenon.     The  patient  somewhat  improved  imder  treatment. 

Attacks  of  nausea  and  vomiting — Rccoi'try  under  galvanisation  of  the  sym- 
pathetic, after  failure  of  general  faradization. 

Case  2. — Mr.  S.,  aged  40,  had  complained  of  frequent  attacks  of  nausea, 
that  occasionally  were  accompanied  by  vomiting.  The  patient  was  of  slight 
build,  and  of  a  thoroughly  nervous  organization.  There  were  no  evi- 
dences of  organic  disease  either  in  the  history  of  the  case  or  in  the  ^>ecial 
character  of  the  ^rmptoms.  The  attacks  came  on  usually  in  business 
hours,  and  could  not  unfrequently  be  referred  to  mental  anxiety.  A  strong 
evidence  that  the  disease  was  raainly  functional  in  its  character  was  that  on 
Sabbath  days,  when  the  patient  did  not  go  to  the  office,  and  was  free  from 
business  cares,  he  was  also  free  from  the  attacks. 

Ordinary  treatment,  both  by  medication  and  by  electricity,  carefully  and 
perseveringly  employed  by  the  usual  methods,  had  failed  to  give  substantial  relief. 
As  a  last  resort,  we  resolved  to  experiment  with  applications  localized   in 
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the  cervical  sympathetic  The  results  were  immediate  and  favorable ;  from 
the  first  application  he  began  to  improve,  and  in  three  weeks  he  regarded  him- 
self as  cured. 

This  experiment  was  eminently  a  fair  one,  since  it  was  tried 
alone,  unaided  and  unimpeded  by  other  remedies,  immediately 
after  other  treatment,  even  that  by  electrization,  had  failed. 

Myelitis —  Tenderness  over  the  sttferior  cervical  ganglion^  and  unusual  sensi- 
tiveness to  the  faradic  current — Disappearance  of  sensitiveness  under  gen- 
eral  faradization. 

Case  3. — A  lady  of  sixty  years  of  af^ehad  suffered  for  three  years  with  para- 
plegia, resulting  from  myelitis ;  was  found  to  be  extremely  sensitive  even  to 
the  faradic  current  when  applied  over  the  superior  cervical  ganglion.  This 
sensitiveness  was  transmitted  to  the  side  of  the  sixth  cervical  vertebra,  even 
though  the  other  pole  (which  is  usually  applied  to  this  place)  was  at  some 
distant  and  indifferent  point.  This  sensitiveness  amounted  to  absolute 
pain  when  a  current  even  of  moderate  strength  was  employed,  and  would  proba- 
bly have  been  still  more  marked  under  the  influence  of  galvanization.  This  phe- 
nomenon, which  we  have  never  before  observed  in  any  case  either  of  health  or  of 
disease,  is  probably  to  be  explained  by  a  peculiar  and  abnormal  sensitive  condi- 
tion of  the  sympathetic.  This  probability  is  enforced  by  the  results  of  the 
treatment  and  the  subsequent  history  of  the  case  :  in  the  course  of  three  ap- 
plications this  peculiar  manifestation  of  sensitiveness  entirely  disappeared,  so 
that  it  could  not  be  evoked  even  under  the  influence  of  a  current  of  consider- 
able strength.  At  the  same  time  the  patient  rapidly  improved,  both  in  her 
ability  to  walk  and  in  her  general  condition,  under  the  combined  influence  of 
cc*ntral  and  peripheral  applications. 

The  interesting  point  in  the  case  is,  that  with  the  manifestation 
of  improvement  there  was  a  diminution,  and  finally  a  disappear- 
ance, of  the  peculiar  sensitiveness  of  the  sympathetic.  That  in 
many  and  diverse  cases  of  disease  the  cervical  sympathetic  may 
be  positively  and  even  painfully  sensitive  to  pressure  on  the  appli- 
cation of  the  electric  current,  and  that  this  sensitiveness  may  dis- 
appear with  the  improvement  of  the  patient,  we  have  observed  in 
a  number  of  instances.  Benedikt  *  has  observed  tenderness  in 
the  region  of  the  cervical  sympathetic  in  a  variety  of  morbid 
conditions. 

In  that  very  frequent  and  obstinate  malady,  "  sick-headache," 

*  See  Elektrotberapie,  passim. 
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for  example,  we  have  observed  in  a  number  of  instances  that 
on  the  affected  side  the  cervical  sympathetic  is  markedly  sensi- 
tive to  pressure,  and  that  this  sensitiveness  persists  during  the 
attack  and  disappears  with  the  subsidence  of  the  pain.  This 
phenomenon,  which,  we  believe,  has  not  before  been  i)ointed  out, 
can  sometimes  be  readily  verified  by  making  firm  pressure  in  the 
direction  of  the  superior  cervical  ganglion  during  the  height  of  an 
attack  of  hemicrania. 

Hemiplegia — Relief  of  injectionof  conjututivajby  galvanixationof sympathetic. 

Case  4. — The  efficacy  of  galvanization  of  the  cervical  sympathetic,  in 
reducing  injection  of  the  conjunctiva,  was  well  illustrated  in  the  case  of 
a  gentleman  of  60  years,  who  was  suffering  from  hemiplegia  of  the  left 
side.  He  was  attacked  six  months  before  we  saw  him,  and  for  three  m  )nth$ 
subsequently  had  been  able  to  walk  only  with  difficulty.  His  face  had  been 
somewhat  distorted  and  there  had  been  slight  ptosis.  In  the  affected  eye 
th«re  was  a  feeling  of  roughness,  as  though  a  grain  of  sand  were  beneath  the 
lid,  owing  to  a  decided  and  persistent  injection  of  the  conjunctiva.  Under 
various  methods  of  applying  electricity  the  patient  slowly  but  manifestly  pro- 
gressed, but  the  injection  of  the  conjunctiva' ;with  the  harassing  sensation  of 
roughness  yet  remained.  We  now  resorted  to  galvanization  of  the  cervical 
sympathetic  This  treatment,  faithfully  carried  out,  resulted  in  some  general 
improvement,  but  the  effect  chiefly  observed  was  a  diminution,  and  ultimately 
an  approximate  cure,  of  the  chronic  injection  of  the  conjunctiva,  and  the  dis- 
tressing sensation  that  accompanied  it  was  entirely  removed. 

The  result  in  this  case  was  of  special  interest  and  peculiarly 
suggestive,  since  it  seemed  to  confirm  the  deductions  of  physio- 
logical experiments,  on  the  effect  of  electrization  of  the  cervical 
sympathetic  in  causing  contraction  of  the  blood-vessels  of  the 
cerebrum. 

Complicated  case  of  nervous  and  uterine  disease — Overpywering  ^^(nosinesSf 
caused  temporarily  by  short  galvanization  of  the  superior  cervical  ganglia. 

Case  5.  — A  lady  past  middle  age  (sent  to  us  by  Dr.  Wey),  who  had  been  nearly 
all  her  life  an  invalid,  suffering  at  first  from  uterine  displacements  with  complica- 
tions, and  latterly  from  neuralgia  of  the  head  of  the  right  thigh,  was  treated  for 
more  than  two  months  by  powerful  faradic  currents,  variously  applied  to  the  spine 
and  to  the  affected  limb,  without  at  any  time  experiencing  any  unpleasant  or 
peculiar  effects  aside  from  a  general  weariness  for  a  short  period  after  each  appli- 
cation. She  had  indeed  become  so  thoroughly  accustomed  to  the  ordinary  electri  - 
cal  applications  as  to  be  above  the  need  of  special  caution  or  watchfulness  in 
treating  her.     On  one  occasion,  when  she  was  in  about  her  usual  condition,  we 
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galvanized  the  cervical  sympathetic  with  a  current  of  moderate  strength  from 
fifteen  elements.  In  four  minutes  from  the  beginning  of  the  stance  she 
b^an  to  feel  a  sensation  of  drowsiness  that  was  overpowering,  amounting 
almost  to  faintness.  Somewhat  alarmed  by  the  suddenness  and  violence  of  the 
symptom,  we  cut  short  the  application  The  drowsiness  was  not  only  so 
extreme  as  to  be  disagreeable,  but  was  accompanied  by  a  sensation  of  nausea 
and  vertigo.  The  patient  was  allowed  to  rest,  and  in  half  an  hour  the 
unpleasant  symptoms  departed,  leaving  behind  only  a  sense  of  extreme  weari- 
ness. Cases  of  such  exceeding  susceptibility  of  the  cervical  sympathetic  are, 
we  believe,  exceptional ;  and,  with  becoming  caution,  these  temporarily  disa- 
greeable results  can  always  be  avoided  by  making  the  first  tentative  applica- 
tions with  a  very  moderate  current,  and  of  short  duration.  It  is  probable  that 
if  other  cases  had  been  treated  as  long  as  in  the  present  instance,  similar  sen- 
sations might  have  been  experienced. 
Progressive  muscular  atrophy  in  muscles  of  left  hand — Rapid  and  extraordi  - 

nary  acceleration  of  the  pulse  after  galvanization  of  the  sympathetic — Sub  - 

sequent  improvement  under  the  same  trecUment, 

Case  6. — A  lady  of  20  years  of  age,  affected  with  muscular  atrophy  of  the  left 
hand,  that  was  gradually  extending  to  the  left  finger  of  the  right  hand.  The  at- 
rophy of  the  inter-ossei  muscles  was  so  complete  that  the  hand  had  become  a 
typical  illustration  of  the  so-called  claw-hand,  as  described  by  Duchenne.  The 
electro-muscular  contractility  and  sensibility  of  the  affected  muscles  was  com- 
pletely destroyed,  and  even  the  adductors  of  the  thumb  reacted  only  to  a  very 
powerful  current.  The  hand  was  always  exceedingly  cold.  The  general  health 
of  the  patient  was  apparently  good,  and  the  nutrition  was  quite  well  preserved. 

After  the  patient  had  been  for  some  time  treated  by  peripheral  faradization, 
we  resorted  to  galvanization  of  the  superior  cervical  ganglion  of  the  right  side. 
Although  muscular  atrophy  is  one  of  the  conditions  in  which  diplegic  contrac- 
tions have  been  frequently  observed,  yet  in  this  case  they  did  not  appear.  The 
pulse,  taken  just  before  the  stance,  was  found  to  be  92.  The  application  lasted 
between  two  and  three  minutes,  and,  while  the  electrodes  were  in  position,  no 
special  effect  was  observed.  Two  minutes  after  the  application  the  pulse, 
which  before  was  92,  was  found  to  be  130,  .and  the  hand,  which  was  before 
cold,  was  found  to  be  hot,  and  the  face  was  flushed. 

The  patient  soon  left  the  office,  and  on  her  next  visit  reported  that  the 
febrile  condition  excited  by  the  current  was  of  but  short  duration. 

In  this  case  the  sympathetic  must  have  been  in  a  condition  of 
abnormal  irritability  or  of  actual  disease,  since  in  health  such  ef- 
fects on  the  pulse  are  not  produced  even  by  prolonged  applications. 
This  case  is  of  value,  as  tending  to  confirm  the  theory  that  pro- 
gressive muscular  atrophy  is  in  some  way  dependent  on,  or  asso- 
ciated with,  disease  of  the  sympathetic. 
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Anttmia  with  great  debility — Paretic  condition  of  muscles  of  hand — Imme* 

diate  effect  of  galvanitation  of  sympathetic. 

Case  7. — A  gentleman,  aged  45,  became  so  exhausted  by  protracted  disease 
that  he  was  scarcely  able  to  raise  hb  arms  to  his  head  without  assistance,  and 
could  not  entirely  close  his  fingers.  The  paretic  condition  of  the  muscles  was 
evidently  functional  rather  than  organic.  After  other  methods  of  employing 
electricity— central  and  peripheral,  vdth  both  galvanic  and  faradic  currents — 
had  accomplished  for  him  all  that  was  possible,  and  the  patient,  though  much 
benefited,  had  ceased  to  make  progress  under  their  influence,  we  b^an  to  lo- 
calize the  galvanic  current  in  the  cervical  sympathetic.  The  immediate  effect 
was  to  enable  him  to  close  his  hand,  and  the 'seance  was  also  followed  by  a  sense 
of  exhilaration  that  other  forms  of  application  had  failed  to  produce.  The  fa- 
radic current,  experimentally  employed  in  precisely  the  same  way,  failed  to  ex- 
hibit any  such  effects.  The  relief,  however,  was  mostly  temporary ;  on  the  day 
following  the  applications  he  usually  relapsed  pretty  nearly  to  his  original  con- 
dition. The  treatment,  continued  for  six  weeks,  caused  decided  amelioration 
that  gave  every  hope  of  permanency ;  but,  as  is  so  frequently  the  case,  the  im- 
provement stopped  short  at  a  certain  point,  beyond  which  it  refused  to  be  urged. 

The  application  of  electricity  to  prominent  cervical  ganglia  is 
an  interesting  and  suggestive,  though  not  yet  a  well-defined  aux- 
iliary to  diagnosis.  The  very  decided  tenderness  that  is  revealed 
on  electrization  of  the  cervical  ganglia,  and  occasionally  of  the  so- 
lar plexus,  indicates  some  disease  either  of  the  sympathetic  or  of 
some  other  portion  of  the  system,  but  does  not  declare  the  pre- 
cise nature  or  locality  of  the  morbid  condition.  This  tenderness 
— which  is  sometimes  felt  under  any  form  of  external  pressure — 
has  been  observed  in  nervous  dyspepsia,  rheumatic  gout,  locomo- 
tor ataxy,  muscular  atrophy,  neuralgia,  myelitis,  and  during  attacks 
of  sick  headache.  The  diminution  of  this  morbid  tenderness 
under  treatment  is  usually  accompanied  by  improvement  in  the 
condition  of  the  patient  The  relation  of  the  so-called  "  diplegic 
contractions  "  to  pathology  or  therapeutics  is  not  yet  determined. 

The  effects  of  faradization  of  the  cervical  sympathetic  are  not  as 
decided  as  those  of  galvanization.  That  general  faradization,  how- 
ever, does  affect  the  sympathetic  to  a  certain  extent,  seems  to  be 
pretty  well  established  both  by  clinical  experience  and  by  its  ob- 
served effects  on  the  pulse.    (See  page  229.) 

To  lay  down  precise  and  exhaustive  indications  for  the  use  of 
galvanization  of  the  sympathetic  is,  in  the  present  state  of  our 
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knowledge  of  the  physiology  and  pathology  of  this  system,  obvious- 
ly impossible ;  the  best  guide  to  these  indications  is  experience. 
The  general  indications  for  the  use  of  this  method  of  treatment  to 
which  experience  would  seem  to  point  are  these  : — 

1.  Cases  in  which  the  sympathetic  is  itself  diseased.  Paralysis 
of  the  sympathetic,  though  not  a  frequent  affection,  is  neverthe- 
less one  that  is  believed  to  occur,  and  to  be  quite  amenable  to  gal- 
vanization. The  sympathetic  has  also  been  found  diseased  in  pro- 
gressive muscular  atrophy. 

2.  Cases  in  which  the  sympathetic  is  in  a  condition  of  abnormal 
irritability,  a  condition  which  is  revealed  by  the  effects  of  galvani- 
zation, and  especially  by  the  diplegic  contractions.  This  con- 
dition is  most  frequently  found  in  hysteria,  locomotor  ataxy,  mus- 
cular atrophy,  lead  poisoning,  and  spinal  irritation.  In  all  of  these 
diseases,  galvanization  of  the  sympathetic  proves  to  be  of  essential 
service. 

3.  Cerebral  hyperaemia.  This  condition  is  associated  with  and 
is  a  part  of  a  large  variety  of  diseases.  Insomnia,  hemiplegia,  tic 
douloureux,  many  diseases  of  the  eye  and  ear,  as  neuro-retinitis, 
nervous  deafness  and  tinnitus  aurium,  are  all  more  or  less  associat- 
ed with  cerebral  hyperaemia,  and  all  have  been  successfully  treated 
by  galvanization  of  the  sympathetic. 

4.  Disorders  of  the  vasa-motor  nerves.  Under  this  head  may  be 
included  some  cases  of  deficient  circulation,  cutaneous  hyperaesthe- 
sia,  and  certain  diseases  of  the  skin. 

5.  Functional  diseases  of  the  digestive  and  genital  apparatus. 
Galvanization  of  the  sympathetic  in  these  conditions  seems  to 
work,  partly  at  least,  by  reflex  action,  and  partly,  also,  by  the  in- 
fluence which  the  spinal  cord  and  pneumogastric  receive  during 
the  applications. 

It  is  scarcely  necessary  to  remark  that  the  exclusive  use  of  gal- 
vanization of  the  sympathetic  is  indicated  only  in  exceptional 
cases.  It  is  to  be  employed  in  connection  or  alternation  with 
general  electrization  and  galvanization  of  the  brain,  spinal  cord, 
and  periphery.  A  noteworthy  advantage  of  this  method  of  treat- 
ment in  those  cases  for  which  it  is  of  service  is  the  comparatively 
short  time  rcfjuired  for  its  employment. 


CHAPTER  XVI. 
THE  NER  VO  US  DIA  THESIS. 

By  the  term  nervous  diathesis  we  design  to  express  a  constitu- 
tional tendency  to  diseases  of  the  nervous  system.  It  includes 
those  temperaments  commonly  designated  as  nervous,  in  whom 
there  exists  a  predisposition  to  neuralgia,  dyspepsia,  chorea,  sick- 
headache,  paralysis,  hysteria,  hypochondriasis,  insanity,  or  other  of 
the  many  S3anptoms  of  disease  of  the  central  or  peripheral  ner- 
vous system.  What  the  gouty  and  scrofulous  diathesis  is  to  the 
blood,  such  is  the  nervous  diathesis  to  the  nerves. 

The  characteristic  features  of  the  nervous  diathesis  are  : — 

1.  A  fine  organization.  The  fine  organization  is  distinguished 
from  the  coarse  by  fine,  soft  hair,  delicate  skin,  nicely-chiselled 
features,  small  bones,  tajjering  extremities,  and  frequently  by  a 
muscular  system  comparatively  small  and  feeble.  It  is  frequently 
associated  with  superior  intellect,  and  with  a  strong  and  active 
emotional  nature.  By  these  general  features  the  fine  organization 
is  so  positively  distinguished  from  one  of  an  opposite  character 
that  it  is  most  readily  recognized  even  by  those  least  accustomed 
to  the  study  of  temperaments.  It  is  the  organization  of  the  civil- 
ized, refined,  and  educated,  rather  than  of  the  barbarous,  and  low- 
bom,  and  untrained — of  wortien  more  than  of  men.  It  is  devel- 
oped, fostered,  and  perpetuated  with  the  progress  of  civilization, 
with  the  advance  of  culture  and  refinement,  and  the  corre- 
sponding preponderance  of  labor  of  the  brain  over  that  of  the 
muscles.  As  would  logically  be  expected,  it  is  oftener  met  with 
in  cities  than  in  the  country,  is  more  marked  and  more  frequent 
at  the  desk,  the  pulpit,  and  in  the  counting-room,  than  in  the  shop 
or  the  farm. 

2.  Liability  to  varied  and  recurring  attacks  of  diseases  of  the  ner- 
vous system.    The  nature  of  these  attacks  and  the  frequency  of  their 
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repetition  will  be  variously  modified  by  climate,  the  seasons,  and 
other  external  conditions  ;  by  the  personal  habits  and  manner  of 
life,  and  especially  by  sex  and  age.     The  typical  manifestations  of 
the  nervous  diathesis  in  infancy  are  convulsions,  irritability,  and 
sometimes  grave  cerebral  disorder ;  of  childhood,  chorea,  and  an- 
alogous symptoms ;   of  puberty,  headache,  chlorosis,  spermator- 
rhcjea,  and  occasionally  epilepsy ;  of  maturity,  sick-headache,  neu- 
ralgia, dyspepsia,  with  its  accompaniments,  constipation,  insom- 
nia, nervousness  and  emaciation,  functional  and  reflex,  and  occa- 
sionally organic  paralysis,  hypochondriasis,  neurosthenia,  and,  in 
women,  hysteria,  spinal  irritation,  and  the  long  train  of  nervous 
conditions  associated  with  diseases  of  the  organs  of  reproduction ; 
of  old  age,  softening  of  the  brain  and  organic  paralysis.     A  child 
bom  with  nervous  diathesis  may  suffer  in  infancy  from  attacks  of 
spasms  of  the  glottis ;  in  childhood,  from  chorea ;  at  puberty, 
from  spermatorrhoea ;  between  the  age  of  twenty  and  fifty  or  sixty, 
from  the  different  grades  and  forms  of  dyspepsia  and  neuralgia ; 
and,  in  old  age,  may  be  suddenly  removed  by  an  attack  of  apo- 
plexy,  or  gradually  fail  beneath  the  slow  advance   of  cerelM'al 
softening  or  degeneration. 

3.  Comparative  immunity  from  ordinary  febrile  and  inflamma- 
tory diseases.  The  nervous  diathesis  appears,  within  certain  lim- 
its, to  protect  the  system  against  attacks  of  fever  and  inflammation. 
It  is  a  matter  of  just  and  common  observation  that  individuals  of 
nervous  organization  are  less  liable  to  be  attacked  by  fevers  and 
general  inflammatory  conditions  than  the  phlegmatic,  the  plethor- 
ic, and  the  hardy.  It  is  furthermore  observed  that  when  once  a 
fever — as  typhoid,  malarious,  or  rheumatic — has  seized  hold  of  a 
patient  with  the  nervous  diathesis,  it  is  much  less  violent  and 
less  frequently  fatal  in  its  attacks  than  when  its  victim  is  muscular 
and  full-blooded.  We  are  sufficiently  acquainted  with  the  na- 
ture of  fever  to  know  that  it  is  attended  with  rapid  combustion.  It 
is  obvious,  therefore,  that  the  severity  and  intensity  of  a  febrile  at- 
tack on  the  body  must,  to  a  certain  extent,  depend  on  the  quanti- 
ty and  quality  of  the  combustible  material  of  which  that  body  is 
composed. 

There  seems,  indeed,  to  be  something  in  the  nervous  diathesis 
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which  is  antagonistic  to  the  febrile  conditions,  or  at  least  to  those 
forms  which  are  developed  by  ordinary  malaria,  for  it  is  certain 
that  on  the  average  (with  numerous  exceptions,  of  course,  on 
both  sides)  fevers  and  inflammations  are  less  fatal  among  brain- 
workers  than  among  muscle-workers,  even  when  subjected  to  the 
same  exposure.  Now  it  is  among  the  brain-working  class  that  the 
nervous  diathesis  is  most  distinctly  marked  and  most  frequently 
observed. 

This  great  law  also  applies  to  races  and  nations.  Although 
the  question  is  so  complicated  by  differences  of  external  condi- 
tions that  it  is  impossible  to  establish  by  statistics  the  relative 
quantity  and  quaUty  of  disease  in  civilized  and  barbarous  lands, 
yet  history  and  general  observation  seem  to  show  that  nearly  all 
savage  tribes  are  more  liable  to  fatal  attacks  of  certain  forms  of 
inflammatory  and  febrile  disease  than  the  civilized.  The  history 
of  the  North  American  Indians  seems  to  point  to  this  fact  with 
considerable  conclusiveness.  Making  all  proper  allowance  for 
the  better  sanitary  conditions,  the  higher  prudence,  and  the 
stronger  force  of  will  of  the  civilized  man,  it  would  appear  that  he 
is  less  liable  to  contract  certain  forms  of  inflammatory  disease 
than  the  barbarian,  even  when  exposed  to  the  same  influences. 

The  nervous  is  the  prevailing  diathesis  in  the  United  States. 

In  this  country,  more  than  in  any  other,  are  observed  the  mani- 
fold phases  of  dyspepsia,  neuralgia,  insomnia,  and  nervous  ex- 
haustion, especially  among  our  brain-working  population.  The 
fact  that  the  women  of  America  are  more  fragile  and  nervous 
than  those  of  England  and  the  Continent,  and  lose  their  beauty 
earlier,  has  long  been  recognized. 

The  causes  of  the  greater  prevalence  of  the  nervous  diathesis 
in  the  United  States  are  not  entirely  obvious,  but  may  probably 
be  referred  to  these  heads  : — 

I.  Climate. — Dryness  of  atmosphere  has  been  regarded  as  the 
principal  cause  of  the  peculiar  nervousness  of  Americans,  but 
this  explanation  seems  to  beg  the  question,  for  why  should  the 
nervous  force  be  exhausted  more  rapidly  in  a  dry  than  in  a 
moist  atmosphere  ?  The  fact  that  the  atmosphere  of  the  United 
States  is  both  dryer  and  clearer  than  that  of   Europe  is.   we 
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believe,  unquestioned,  and  is  easily  evident  even  to  superficial  ob- 
servation. It  hAs  long  appeared  to  us  that  this  acknowledged 
nerve-exhausting  tendency  of  a  dry  climate  might  perhaps  be  ex- 
plained by  the  relation  between  atmospheric  humidity  and  atmos- 
pheric electricity,  and  the  very  interesting  researches  of  Wis- 
lizenus  *  of  St.  Louis  would  seem,  so  far  as  they  go,  to  confirm 
this  theory.     (See  Electro-Physiology,  pp.  93-95.) 

For  the  present,  however,  this  view  must  be  considered  some- 
what speculative. 

•  2.  Dietetic  habits  and  excessive  activity, — The  Americans  pro- 
verbially eat  more  rapidly  and  with  less  comfort  than  the  English, 
French,  or  Germans.  We  take  less  time  at  our  meals,  and  mingle 
with  our  eating  much  less  of  the  social  element,  and  toil  more 
anxiously  and  nervously.  While  it  is  probable  that  these  nervous 
and  careless  habits  are  the  result  of  the  climate,  their  chief  expla- 
nation lies  in  the  exigencies  and  necessities  of  our  pioneer  life,  that 
has  compelled  us  to  be  extremely  provident  of  time.  Further- 
more, on  account  of  the  lack  of  pure  native  wine,  and  the  almost 
universal  adulteration  of  liquors,  together  with  the  popularly  re- 
ceived views  on  total  abstinence,  most  of  our  people  are  without 
any  mild  alcoholic  beverage,  and  are,  therefore,  driven  to  an  ex- 
cessive and  disproportionate  use  of  tea  and  coffee.  The  Ameri- 
can works  more  intensely,  concentrates  a  larger  amount  of 
thought,  anxiety,  and  action  in  a  day  than  the  foreigners.  Inas- 
much as  we  are  all  descendants  of  Eurojjeans — since  in  our  veins 
runs  the  blood  of  the  portly  Englishman  and  the  stolid  German, 
even  more  than  of  the  sprightly  Frenchman — ^it  is  fair  to  infer  that 
the  greater  nervousness  and  intense  activity  developed  on  this 
continent  are  the  result  of  our  climate  and  the  necessities  of  a  new 
country. 

This  difference  in  character  between  the  American  and  his  Eu- 
ropean ancestors  is  suggested  and  confirmed  by  a  corresponding 
difference  in  physique.  Truly  says  Palfrey,  in  his  history  of  New 
England:  ''The  curly  hair,  moist  skin,   and  sanguine   temper- 

*  Vide  paper  of  Wislizenus  in  Transactions  of  St.  Louis  Academy  of  Medi- 
cine. 
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uncnt,  no  g«T.eTaI  rn  Great  Bntaoi.  bave  in  New  Frgiand  gh'cn 
place  to  iUii^A  r^'ir.  dry  skin,  and  d«e  cexroGS  oc  tilkics  tcmpcr- 

Thc  remaik  of  Eincrson.  alfo.  that  ooe  hcDdred  Eogiishmcii 
wooUi  weigh  onequaner  inore  than  an  equal  e  ember  oc  Aicencansy 
must  be  approximatei y  oxrect. 

Carnlaiicn  of  Aertc^s  Diuasts. — ^Therc  would  appear  to  be  co- 
gent reasons  for  the  theory  that  the  law  of  correlation  and  cooserva- 
tioo  of  forces  is  as  trae  of  disease  as  of  health.  The  recognized 
relation  that  exists  between  certain  cutaneous  affections  as  the 
manifestations  of  cerebral  or  other  disease  that  appear  in  chikfaen, 
fre<|uently,  on  the  disappearance  of  an  eczematous  enipticn ;  the 
relief  of  dyspepsia,  of  neuralgia,  hypochondriasis,  on  the  appearance 
of  affections  of  the  skin  of  various  kinds  in  different  parts  of  the  body ; 
the  sudden  metastasis  of  pain  from  one  region  to  another,  as  from 
the  hands  to  the  feet,  from  the  back  to  the  limbs,  from  the  stomach 
to  the  head,  and  alternations  of  sick-headache  and  indigestion,  of 
cerebro-spinal  and  gastric  disturbance  with  which  nervous  patients 
are  so  familiar  ;  the  mysterious  phenomena  of  inheritance,  by  which 
the  nervous  diathesis  that  appears  in  the  parent  in  the  form,  for 
example,  of  insanity,  reappears  in  one  child  as  chorea,  in  another 
as  epilepsy,  in  another  as  hysteria,  in  another  as  neuralgia  or  pa- 
ralysis, and  successively  reappears  by  almost  innumerable  phases 
in  distant  generations ;  the  antagonism  which  certainly  exists  be- 
tween nervous  andfebrile  affections ;  the  relief  or  ciu-e  of  nervous 
symptoms,  amounting  to  a  revolution  in  the  system,  that  results 
from  a  course  of  fever,  or  acutely  inflammatory  disease ;  and, 
finally,  the  very  remarkable  results  that  flow  from  counter-irritation, 
by  whatever  means  produced, — all  these  facts  of  general  obser- 
vation, taken  together,  would  seem  to  give  weight  to  the  theory 
that  the  secret  forces  of  diseases  are  as  truly  correlated  to  each 
other  an  heat  or  gravitation,  as  magnetism  or  electricity. 

The  nervous  diathesis  should  be  distinguished  from  the  tuber- 
culous, with  which  it  is  frequently  combined,  and  with  which  also  it  is 
liable  to  be  confounded.  The  external  appearances  of  the  two  are 
not  very  dissimilar,  but  their  symptoms  and  their  behavior  under 
exposure,  and  especially  their  prognosis  when  existing  separately, 
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are  radically  different  The  tuberculous  diathesis  frequently  accom- 
panies a  fine  organization ;  but  fine  organizations  only  in  a  certain 
proportion  of  cases  have  a  tuberculous  diathesis.  The  nervous 
diathesis  is  frequently  not  only  not  susceptible  to  tuberculosis,  but 
apparently  much  less  so  than  the  average,  and  sometimes,  indeed, 
seems  to  be  antagonistic  to  it,  for  there  are  many  nervous  patients 
in  whom  no  amount  of  exposure  or  hardship  or  imprudence  seems 
to  be  able  to  develop  phthisis,  although  they  may  appear  to  suffer 
intensely  and  constantly  from  the  various  phases  of  nervous  dis- 
ease. The  tuberculous  diathesis  frequently  appears  in  the  coarsely 
organized,  the  plethoric,  and  the  muscular. 

It  develops  most  rapidly  and  perhaps  commits  its  greatest 
ravages  among  the  poor,  the  oppressed,  and  degraded.  On  the 
contrary,  the  nervous  diathesis,  though  found  more  or  less  among 
all  classes  of  civilized  lands,  is  chiefly  found  among  the  higher 
orders.  Both  of  these  diatheses  are  the  results  and  concomitants 
of  depressed  vitality ;  but  the  nervous  is  peculiar  to  brain- work- 
ers and  civilization,  while  the  tuberculous  also  afflicts  the  day- 
laborer  and  the  savage.  The  one  is  perhaps  an  impoverishment 
of  the  blood,  the  other  an  impoverishment  of  the  nervous  force. 

The  distinction  between  the  nervous  and  the  tuberculous  dia- 
thesis is  seen  again  in  the  contrast  in  their  prognosis.  The  nervous 
diathesis  in  many  of  its  manifestations  is  speedily  relieved,  but 
rarely  permanently  eradicated ;  the  tuberculous  diathesis  is  less 
susceptible  to  actual  relief,  but  in  occasional  instances  may  be 
absolutely  cured.  The  nervous  diathesis,  by  protecting  the  sys- 
tem against  inflammations,  seems  to  lengthen  life ;  the  tuberculous, 
by  attacking  and  destroying  a  vital  organ,  most  fearfully  shortens 
it.  Both  are  best  treated  by  tonics  ;  but  the  tuberculous  diathesis 
is  to  be  treated  through  the  blood,  the  nervous  through  the 
nervous  system.  In  both  the  conflict  between  the  remedies  and 
the  disease  is  always  hard  and  sometimes  long;  in  the  nervous 
diathesis  it  is  a  guerrilla  warfare,  in  which  there  are  frequent 
skirmishes,  with  continual  fightings  and  retreatings,  where  the 
enemy  is  disinclined  to  concentrate  his  forces  or  allow  himself  to 
be  drawn  into  a  decisive  encounter.  In  the  tuberculous  diathesis 
it  is  a  pitched  battle  for  the  possession  of  a  vital  organ,  where 
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the  enemy  fights  behmd  intrenchments  and  usually  obtains  the 
mastery. 

The  general  observation  that  the  nervous  diathesis  is  not 
inconsistent  with  long  life  is  re-enforced  by  the  fact,  which  statis- 
tics have  now  indisputably  established,  that  the  average  longevity 
is  nowhere  greater  than  among  the  brain-workers — the  very  class 
in  which  the  nervous  diathesis  and  the  numberless  diseases  to 
which  it  gives  rise  most  frequently  appears  ;  and  also  by  the  fact 
that  the  average  longevity  has  increased  such  an  enormous  per- 
centage with  the  progress  of  civilization.* 

A  very  interesting  fact  connected  with  the  nervous  diathesis  is 
that  patients  in  whom  it  exists  are  sometimes  positively  benefited 
by  attacks  of  febrile  and  inflammatory  disease. 

This  is  indeed  one  of  the  very  few  of  the  popular  impressions 
on  the  subject  of  medicine  that  appear  to  be  sustained  by  scien- 
tific observations.  The  genial  Dr.  John  Brown,  in  the  sketch  of 
his  father's  memoir,  uses  the  following  language  : — 

'^  Many  a  man's  life  is  lengthened  by  a  sharp  illness  ;  .  .  .  a 
brisk  fever  clarifies  the  entire  man.  Such  a  breathing  time  my 
father  never  got  during  that  part  of  his  life  and  labors  when  it 
would  have  availed  most."f 

Inflammations  seem  to  act  antagonistically  to  the  nervous  dia- 
thesis on  the  principle  of  counter-irritation.  The  theory  that 
they,  in  some  way,  derive  from  the  nervous  to  the  vascular  system 
is  certainly  plausible,  though  it  cannot  be  satisfactorily  demon- 
strated. 

We  have  made  these  remarks  on  the  nervous  diathesis,  because 
it  is  the  condition  of  the  system  for  which  electrization  is  mainly 
indicated.      The  majority  of  the  patients  that  seek  treatment  ol 

*  The  detailed  arguments  and  statistics  on  the  whole  subject  of  the  relation 
of  mental  labor  to  health  and  longevity  will  be  presented  in  Dr.  Beard's 
Hygiene  for  Brain-workers^  now  in  press.  For  the  present  the  reader  is 
referred  to  his  essay  on  the  subject  in  the  October  number  of  Hours  at 
Home,  1867 ;  to  the  articles  of  Dr.  Edward  Jarvis  on  the  Increase  of 
Human  Life,  in  the  Atlantic  Monthly  for  October,  November,  and  De- 
cember, 1869;  to  the  statistics  of  Hon.  B.  G.  Northrop  in  the  Annual 
Report  of  the  Board  of  Education  of  the  State  of  Conn,,  1870,  pp.  61-74. 

f  Spare  Hours,  by  John  Brown,  M.D.     Am.  ed.,  pp.  206,  207. 
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the  electro-therapeutist  axe  those  in  whom  this  diathesis  predomi- 
nates, whatever  may  be  the  special  disease  or  s}Tnptom  from 
which  they  immediately  suffer.  Most  of  the  cases  of  nervous 
dyspepsia,  nervous  exhaustion,  chorea,  and  insomnia,  and  very 
many  of  the  cases  of  central  and  peripheral  paralysis,  are  but 
manifestations  of  the  nervous  constitution,  and  are  to  be  treated 
accordingly,  that  is,  by  remedies  directed  to  the  general  system  as 
well  as  to  the  local  symptom.  The  failures  that  are  experienced 
in  the  use  of  electrization  for  local  nervous  s)rmptoms  are  fre- 
quently due  to  this  fact,  that  the  relation  of  the  local  symptom 
to  the  nervous  diathesis  is  not  recognized  or  appreciated  by  the 
operator. 

The  wide  prevalence  of  the  nervous  diathesis  and  its  relation 
to  local  symptoms  helps  to  explain  what  to  many  appears  so  unac- 
countable and  inconsistent^  that  electrization  is  of  service  in  so 
many  diseases. 

The  nervous  diathesis  demands  a  stimulating  tonic  treatment, 
and  therefore  electrization  is  indicated  for  all  its  phases  and  mani- 
festations, whether  it  appear  in  the  form  of  dyspepsia  or  insom- 
nia, of  hypochondriasis  or  hysteria,  chlorosis  or  chorea,  paralysis 
or  neuralgia,  grave  organic  disease  or  simple  nervous  exhaustion. 

In  all  of  these  diseases,  and  in  nearly  every  possible  phase  of 
the  nervous  diathesis,  electrization  in  its  different  forms  and 
methods  of  application  is  successfully  used,  not  because  it  is  a 
specific  for  all,  or  indeed  for  any  one,  but  because  it  fulfils  better 
than  any  other  single  remedy  the  one  great  indication  which  is 
common  to  them  all — the  improvement  of  local  and  general 
nutrition. 


CHAPTER  XVII. 

NE  URASTHENIA,  OR  NER  VO  US  EX  HA  US  TION. 

The  morbid  condition  or  state  expressed  by  this  term  has  long 
been  recognized,  and,  to  a  certain  degree,  understood,  but  the 
special  name  neurasthenia  is  now,  we  believe,  for  the  first  time 
presented  to  the  profession. 

It  is  quite  recently,  indeed,  that  the  phrase  nervous  exhaustion 
has  been  popularized,  at  least  as  a  term  expressive  of  any  special 
condition  of  the  system.  Prof.  Austin  Flint*  devotes  a  brief  space 
to  this  subject,  and  acknowledges  his  indebtedness  to  Dr.  Fordyce 
Barker  for  first  suggesting  the  phrase  "  nervous  asthenia "  as  ex- 
pressive of  a  special  morbid  condition.  Besides  this  briet-  notice 
of  Prof.  Flint,  this  important  condition  of  the  nervous  system  has 
not,  so  far  as  we  know,  been  dignified  by  a  separate  heading  or 
distinct  chapter  in  any  of  our  most  approved  treatises  on  the  Prac- 
tice of  Medicine,  although  the  general  phrase  "  nervous  exhaustion  " 
quite  frequently  occurs  in  conversation  and  medical  literature,  and 
is  now  the  common  property  of  the  profession. 

This  nomenclature  would  seem  to  be  justified  by  philological 
analogy  and  by  scientific  convenience. 

The  derivation  of  the  term  neurasthenia  is  sufficiently  obvious. 
It  comes  from  the  Greek  vsupov,  "  a  nerve,"  a,  privative,  and  Cdgvoj, 
"strength;"  and,  therefore,  being  literally  interpreted,  signifies 
want  of  strength  in  the  nerve. 

The  character  of  this  malady,  if  we  be  allowed  to  call  it  such, 
may  best  be  understood  by  comparing  and  contrasting  it  >vith  ana- 
mia,  a  condition  with  which  it  is  frequently  associated  as  cause, 
effect,  or  concomitant. 

Ancemia  (derived  from  a,  privative,  v,  euphonic,  and  alfia, 
"  blood")  is  to  the  vascular  system  what  neurasthenia  is  to  the  ner- 
♦  Principles  and  Practice  of  Medicine,  p.  640. 
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vous.     The  one  means  want  of  blood ;  the  other,  want  of  nervous 
force. 

Both  anaemia  and  neurasthenia  may  be  the  effects  of  acute  or 
chronic  diseases,  and  both  may  be  either  acute  or  chronic  in  their 
course.  Thus  neurasthenia  may  be  the  effect  of  wasting  fevers, 
exhausting  wounds,  parturition,  protracted  confinement,  dyspep- 
sia, phthisis,  morbus  Brightii,  and  so  forth.  Anaemia,  as  is  well 
known,  may  result  from  the  same  diseases. 

Both  anaemia  and  neurasthenia  may  also  be  the  cause  of  chronic 
and  acute  diseases.  Thus  neurasthenia,  or  nervous  exhaustion, 
may  give  rise  to  dyspepsia,  headaches,  paralysis,  insomnia,  anaes- 
thesia, neuralgia,  rheumatic  gout,  spermatorrhoea  in  the  male,  and 
menstrual  irregularities  in  the  female.  Anaemia  also  is  the  source 
of  many  of  these  diseases,  though,  perhaps,  it  is  more  frequently 
the  effect. 

Anaemia  and  neurasthenia  may  cause  each  other ;  anaemia  is 
often  the  result  of  neurasthenia,  and  vice  versd. 

Both  anaemia  and  neurasthenia  are  most  frequently  met  with  in 
civilized,  intellectual  communities.      They  are  a  part  of  the  com 
pensation  for  our  progress  and  refinement. 

Anaemia  and  neurasthenia  may  run  into  each  other,  and  become 
so  closely  blended  that  it  is  oftentimes  impossible  to  determine 
which  was  the  cause  and  which-  was  the  effect,  or  which  is  the 
ruling  condition. 

Both  of  these  conditions,  whether  existing  separately  or  in  com- 
bination, are  best  treated  by  some  form  of  constitutional  tonics. 
In  anaemia  we  give  those  tonics  that  directly  and  specially  affect 
the  blood ;  in  neurasthenia  we  give  those  remedies  that  directly 
and  specially  affect  the  nervous  system. 

Neurasthenia,  in  a  certain  sense,  is  to  all  periods  of  life  what 
chlorosis  is  to  the  period  of  puberty,  since,  like  chlorosis,  it  is  a 
disease  of  the  nervous  system,  and  as  such  is  to  be  distinguished 
from  anaemia,  which  is  a  disease  of  the  blood. 

The  distinctive  features  of  neurasthenia  may  perhaps  be  best 
understood  by  placing  them  side  by  side  with  those  of  anaemia, 
which  it  so  nearly  resembles*,  and  with  which  it  is  so  frequently  as- 
sociated. 
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Neurasthenia,  Anamia, 

Chiefly  found  in  nervous  diathesis.  Appears  also  in  the  tuberculous,  or 

rheumatic,  or  other  diathesis. 

Impoverishment  of  nervous  system,  Impoverishment  of  the  blood ;  in- 

no  necessary  anamia.     Patient  may  crease  of  water,  and  diminution  of  red 

be  plethoric,  corpuscles. 

Not  at  all  necessarily  dependent  on  More  frequently,  though  not  neces- 

any  important  recognizable  organic  dis-  sarily,  associated  with  some  organic 

ease.  disease,    as    tuberculosis,    cardnoma, 

morbus  Brightii,  &c 

Pulse  may  be  full  or  normal,  usually  Pulse   small,   weak,   and  compres- 

r^ular.  sible. 

No  cardiac  murmurs.  Murmurs  at  the  base  of  the  heart 

and  over  the  larger  arteries,  as  the  ca- 
ro  tid,  subclavian,  &c.  *  *  Venous  hum ' ' 
in  the  neck. 

No  pallor — sometimes  even  a  rubi-  Very  perceptible  pallor  of  the  face, 

cund  appearance.  especiaUy  of  the  lips. 

Easily  fatigued  by  exertion ;  mental  Easily  fatigued  by  exertion.    Physi- 

labor  more  exhausting  than  physical,  cal  labor  more  exhausting  than  mental. 
Memory  often  temporarily  weakened, 
and  consecutive  thought  and  sustained 
mental  activity  frequently  impossible, 
even  when  prolonged  muscular  labor 
causes  little  or  no  fatigue. 

Insomnia  a  very  frequent  compli-  Insomnia  not  so  frequent  a  compli- 
cation, cation. 

No  necessary  disturbance  of  the  cir-  Disturbance  of  the  circulation,  with 

culation.  habitually  cold  extremities. 

Habitual  mental  depression.  Mental  depression  not  so  frequent. 

Though  common  to  both  sexes,  not  Far  more  frequent  in  females, 
so  relatively  frequent  in  females. 

Is  benefited   by  remedies  that  di-  Is  benefited  by  remedies   such   as 

rectly  affect  the  nervous  system,  such  iron,  that  directly  affect  the  blood, 
as  phosphorus,  strychnine,  while  iron 
alone  is  of  little  service. 

Usually  recovers  but  gradually,  and  May  be  rapidly  removed  by  the  re- 

under  the  influence  of  rest,  nutritious  moval  of  the  organic  cause, 
food,  and  nervous  tonics. 

Both  conditions  may  be  characterized  by  disturbances  of  the 
digestion,  and  both  may  be  complicated  with  almost  any  con- 
ceivable form  of  disorder.      It  should  be  considered  that  in  the 
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above  comparison  we  have  supposed  cases  so  far  as   possible 
simple,  typical,  and  uncomplica.ted. 

The  diagnosis  of  simple  and  pure  neurasthenia,  like  all  of  the 
so-called  functional  conditions,  is  arrived  at  mainly  by  exclusion. 

In  any  case  presenting  the  leading  features  above  described  as 
characteristic  of  neurasthenia,  it  is  necessary,  firsts  to  exclude  any 
organic  disease  which  could  account  for  the  symptoms,  and,  in  the 
second  place,  to  exclude  anaemia,  with  which  it  would  most  likely 
be  confounded. 

Many  cases  of  spinal  irritation  and  hysteria  are  likely  to  be 
classed  as  simple  nervous  exhaustion.  Symptoms  of  neurasthenia 
frequently  arise  from  organic  diseases  of  the  brain  and  spinal 
cord,  and  especially  at  their  incipience  do  not  directly  suggest  their 
origin.  The  premonitory  stages  of  locomotor  ataxy,  myelitis,  of 
spinal  irritation,  and  indeed  of  the  various  grades  of  anaemia  and 
hyperaemia  of  the  central  nervous  system,  are  sometimes  so  sim- 
ilar to  those  of  simple  neurasthenia  that  the  diagnosis  must  re- 
main a  matter  of  doubt  until  elucidated  by  the  history  of  the  case. 

Under  the  recent  advances  in  the  method  of  studying  disease, 
many  cases  that  were  once  vaguely  described  as  general  debility, 
or  "  nervousness,"  are  now  known  to  be  of  a  definite  and 
organic  character.  It  is  therefore  fair  to  suppose  that  neurasthe- 
nia or  nervous  exhaustion,  which,  like  hysteria,  chlorosis,  &c.,  is  at 
best  a  mere  cover  for  our  ignorance,  will  be  supplanted  by  some 
other  term  which  may  perhaps  more  correctly  express  its  pathol- 
ogy. Even  with  our  present  means  of  diagnosis,  cases  of  un- 
complicated neurasthenia  are  by  no  means  frequent. 

In  regard  to  the  pathology  of  neurasthenia  we  are  compelled,  in 
the  absence  of  definite  knowledge,  to  reason  from  logical  proba- 
bility. 

The  central  nervous  system  may  become  dephosphorized,  or, 
perhaps,  loses  somewhat  of  its  solid  constituents ;  probably  also 
undergoes  slight,  undemonstrable  morbid  changes  in  its  chemical 
structure,  and,  as  a  consequence,  becomes  more  or  less  impover- 
ished in  the  quantity  and  quality  of  its  nervous  force.* 

*  Vide  the  pamphlet  on  the  Correlation  of  the  Physical  and  Vital  Forces,  by 
Prof.  George  F.  Barker.     New  Haven,  187a 

'3* 
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In  regard  to  the  precise  seat  of  the  exhaustion,  it  is  reasonable 
to  infer  that  it  may  be  in  the  brain^  or  spinal  cord,  or  sympathetic^ 
or  it  may  be  general  in  its  character. 

That  molecular  disturbance,  sufficient  to  give  rise  to  the  symp- 
toms of  nervous  exhaustion,  may  take  place  in  the  central  nervous 
system,  is  rendered  logically  probable  by  the  fact  that  such  changes 
can  be  produced  artificially,  as  proved  by  the  researches  of  Du 
Bois-Reymond.* 

We  are,  we  think,  driven  to  accept  this  view  firom  what  we  know 
of  the  brain  and  spinal  cord — of  their  relation  to  the  intelligence 
and  activity,  of  their  intimate  chemical  stnicture,  of  their  diverse 
appearances  in  health  and  disease.  We  know  that  the  intelligence 
of  men  and  animals  is  proportioned  to  the  quantity  and  quality  of 
the  cerebral  contents ;  that  the  proportions  of  water,  of  phosphorus, 
of  fat,  and  of  the  other  solid  constituents  of  the  central  nervous 
system,  vary  more  or  less  with  the  age  and  with  the  intellectual 
and  moral  capacity,  f  and  that  all  forms  of  insanity|  are  dependent 
on  some  central  morbid  condition. 

From  these  established  facts  we  logically  conclude  that  even  the 
slightest  and  most  transient  disturbances  of  the  nervous  system 
are  the  symptoms  and  expression  of  correspondingly  slight  morbid 
changes  of  the  brain  or  spinal  cord,  sympathetic,  or  of  the  peri- 
pheral nerves. 

We  admit  that  this  view  is  speculative,  but  it  is  not  impossible, 
we  feel  assured,  that  it  will  in  time  be  substantially  confirmed  by 
microscopical  and  chemical  examinations  of  those  patients  who 
die  in  a  neurasthenic  condition.  We  have  all  experienced  the 
temporary  exhaustion  that  results  from  prolonged  intellectual  ex- 
ertion :  make  this  condition  chronic^  and  we  have  neurasthenia. 

Neurasthenia  may  result  from  any  causes  that  exhaust  the  ner- 
vous system. 

Hereditary  descent. — The  nervous  diathesis  terribly  predis- 
poses to  neurasthenia,  just  as  it  predisposes  to  all  forms  of 
nervous  derangement.     The  law  of  ra)ersion  is  frequently  illus- 

♦  Reynolds'  System  of  Medicine,  vol.  ii.,  p.  48. 

f  See  analysis  of  L'Heritier,  quoted  in  Prof.  Draper's  Physiology,  p.  273. 

%  Maudsley's  Physiology  and  Pathology  of  the  Mind,  p.  59. 
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trated  here,  and  sick-headache,  epilepsy  or  insanity  or  dyspepsia  in 
the  grandfather  may  skip  over  a  generation  and  show  itself  as  neu- 
rasthenia in  the  grandchildren.  Among  the  special  exciting  causes 
of  neurasthenia  may  be  mentioned  the  pressure  of  bereavement, 
business  and  family  cares,  parturition  and  abortion,  sexual  ex- 
cesses, the  abuse  of  stimulants  and  narcotics,  sudden  retirement 
from  business,  and  civilized  starvation,  such  as  is  sometimes  ob- 
served even  among  the  wealthy  orders  of  society.  The  disease  is 
most  frequently  found  in  the  United  States^  among  the  brain-work- 
ing classes  of  our  large  cities. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is  by 
the  concentration  of  all  possible  tonic  influence  on  the  nervous 
system — air,  sunlight,  water,  food,  rest,  diversion,  muscular  exer- 
cise, and  the  internal  administration  of  those  remedies,  such  as 
str>'chnine,  phosphorus,  arsenic,  &c.,  which  directly  aflfect  the  cen- 
tral nervous  system. 

Electrical  Treatment. — General  faradization  and  central  galvan- 
ization. All  of  our  cases  have  been  treated  mainly  by  general 
faradization,  with  the  occasional  one  of  galvanization  of  the  sym- 
])athetic. 

The  prognosis  is  usually  more  or  less  favorable.  In  nearly  all 
cases  of  uncomplicated  neurasthenia  general  faradization  alone 
proves  decidedly  and  sometimes  rapidly  efficacious.  Beneficial 
results  are  so  uniform  in  this  condition  that  we  have  reason  to 
suspect  some  unrecognizable  organic  disease  in  those  cases  that 
give  no  evidence  of  improvement  after  protracted  treatment. 
Even  the  complicated  forms,  that  are  the  result  of  incurable  dis- 
ease, may  be  much  relieved.  Some  cases,  as  we  shall  see,  though 
temporarily  relieved,  may  go  on  to  positive  and  recognizable  dis- 
ease of  the  brain  or  spinal  cord. 

I^^eur asthenia — Debility  and  attacks  of  sick-headache — Immediate  and  rapid 
imprai'ement  under  general  faradization — Rapid  increase  in  weight. 
Case  8. — The  power  of  general  faradization  to  relieve  neurasthenia 
and  to  cause  increase  of  weight,  was  illustrated  in  a  very  pleasing  and 
satisfactory  manner  in  the  case  of  a  young  physician  whom  we  have  treated 
during  the  autumn  of  1869.  He  was  28  years  of  age,  and  for  a  long  time  he 
had  been  subject  to  severe  and  repeated  attacks  of  nervous  and  sick  headache. 
To  use  his  own  expression,  he  had  been  **  living  on  a  lower  plane  than  was 
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normaL''  Over-work  and  long  confmement  had  reduced  him  to  a  condition 
of  serious  exhaustion,  and  when  he  called  upon  us  in  September  he  could  not 
walk  two  miles  without  fatigue.  Although  5  feet  9^  inches  in  height,  he 
weighed  but  112  pounds,  and  for  many  months  there  had  been  nor  sign  of  any 
increase.  He  had  closely  studied  his  own  case,  had  been  thoroughly  examined, 
and  had  tried  nearly  every  form  of  internal  medication. 

We  began  treatment  by  a  mild  application  of  electrization  with  the  faradic 
current.  He  felt  temporarily  enlivened  and  exhilarated,  but  when  he  returned, 
two  da3rs  subsequently,  he  stated  that  he  felt  no  special  benefit,  although  he 
had  gained  one-half  a  pound  in  weight.  This  change,  slight  as  it  was, 
encouraged  him,  for  it  had  been  months,  and  years  even,  since  he  had  been  able 
to  detect  any  increase  in  weight.  We  may  say  here  that  he  watched  and 
studied  his  sjnnptoms,  and  carefully  ascertained  his  weight,  from  day  to  day, 
not  as  a  hypochondriac  at  all,  but  as  a  scientific  man,  inspired  not  by  any 
q)ecial  faith  in  the  remedy,  but  by  an  earnest  desire  to  test  for  himself  the 
tonic  effects  of  general  electrization.  He  continued  to  increase  in  weight  with 
remarkable  regularity  and  uniformity,  and  at  the  end  of  three  weeks  he  found 
that  he  had  increased  nine  pounds.  When  we  last  saw  him  his  weight  was  124 
pounds.  The  improvement  in  his  general  condition  had  gone  on  hand  in  hand 
with  the  increase  in  weight.  His  appetite  was  keener  and  his  digestion  much 
easier.  His  attacks  of  headache  still  annoyed  him,  but  his  capacity  for  endur- 
ance had  been  greatly  enlarged.  Whatever  relapses  may  occur  in  coming 
months  or  years,  he  feels  now  that  he  has  at  least  found  a  means  of  relief  and 
permanent  benefit. 

In  this  case  the  applications  were  made  very  thoroughly  all  over  the  person, 
from  the  top  of  the  head  to  the  feet,  and  with  a  powerful  current.  Both  the 
faradic  and  galvanic  currents  were  used,  chiefly  the  faradic.  It  is  worthy 
of  remark,  also,  that  this  patient  always  experienced  a  feeling  of  temporary 
enlivenment  and  exhilaration  after  each  application,  and  sometimes  the  head- 
ache from  which  he  suffered  was  driven  away  in  the  midst  of  the  treatment. 

We  may  say,  also,  that  when  he  first  came  we  prescribed  oxide  of  zinc,  by 
exclusion,  because  he  had  used  nearly  every  other  internal  tonic.  He  teok, 
however,  two  or  three  doses  of  one  grain  each  for  the  first  day,  dropping  it 
entirely  as  soon  as  he  found  that  he  had  increased  half  a  pound  in  weight. 

This  case  we  regarded  as  pre-eminently  a  typical  one — a  typical  illustration 
of  neurasthenia,  and  of  the  benefit  that  may  be  received  from  general  electriza- 
tion. 

Nervous  exhaustion  of  three  years'  standing,  associated  with  insomnia,  aber- 
ration of  memory,  and  night  sweats — Complete  recovery  in  two  months, 
after  the  administration  of  twenty  applications  of  general  faradization. 

Case  9. — C.  McC,  aged  19,  a  patient  of  Dr.  D.  B.  St.  John  Roosa,  was 
referred  to  us  as  a  typical  case  of  nervous  exhaustion,  associated  with  insomnia, 
aberration  of  memory,  and  night  sweats. 
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These  symptoms  were  first  manifest  some  three  years  since,  when  the  patient 
was  working  as  a  machinist.  As  all  remedies  were  without  apparent  efiect,  he 
was  obliged  to  relinquish  his  trade  for  lighter  work.  He  suffered  from  paroxys- 
mal seasons  of  intense  depression,  and  at  such  times  was  tortured  with  the 
dreadful  thought  of  ending  his  own  existence.  These  singuLir  attacks  usually 
came  on  about  noon  each  day.  There  was  no  indication  of  organic  disease,  and 
as  the  usual  tonic  remedies  had  been  faithfully  taken,  the  patient  was  submitted 
at  once  to  the  tonic  influence  of  general  faradization. 

In  few  cases  have  we  seen  more  decided  and  satisfactory  results  than  in  this. 
Strength  seemed  to  be  at  once  imparted  to  the  whole  nervous  system,  and  in 
less  than  two  months,  after  having  received  some  twenty  applications,  he  quite 
recovered  from  every  unpleasant  symptom. 

During  the  two  years  since  recovery  there  has  been  no  indica- 
tion of  a  relapse. 

Nervous  exhaustion  and  insomnia — Debility  of  long  standing — Great  benefit 
from  general  faradization  and  galvano-faradization — Relapses. 

Case  la — Mr.  E.  H.,  aged  43,  tall  and  spare.  President  of  a  Fire  Insurance 
Company,  consulted  us  Nov.  14,  1868,  after  experiencing  an  indefinable  at- 
t  ack  of  cerebral  congestion,  which  had  cau^  him  considerable  alarm.  For 
many  years  he  had  suffered  from  dyspepsia,  constipation,  and  cephalalgia,  and 
more  recently  from  insomnia.  The  duties  of  his  office  had  been  irksome ;  cal- 
culation,  writing,  consecutive  thought,  wearied  him.  A  long  walk  was  fol- 
lowed by  exhausting  fatigue.  There  were  evidences  of  anaemia,  but  no  sjrmp- 
toms  that  pointed  to  any  specific  morbid  condition  of  the  brain  or  spinal  cord. 

Electric  examination. — Sensitiveness,  but  not  marked  or  excessive,  in  the 
epigastric  region. 

Treatment  by  general  faradization  repeated  every  other  day,  beginning  with 
mild,  and  increasing  to  strong  applications.  The  symptom  first  to  yield  was  in- 
somnia, then  the  bowels  became  more  regular,  and  in  two  weeks  there  was  a 
decided  increase  of  strength.  Capacity  for  exertion,  muscular  and  mental,  was 
gradually  developed.  The  muscles  of  the  upper  and  lower  limbs  became  hard- 
er and  firmer. 

Dec.  15  we  began  to  use  galvano-faradization,  which,  at  first,  caused  a  re- 
lapse, and  subsequently  aided  the  improvement. 

Jan.  I,  1869,  he  had  so  greatly  improved  in  all  respects  that  further  treat- 
ment was  not  indicated. 

During  the  year  1869  the  patient  suffered  two  relapses — the  first  caused  by 
excessive  confinement,  and  the  second  by  an  exhaustive  fever.  Of  the  first  re- 
lapse he  was  relieved  by  general  electrization. 

In  the  winter  of  1870  the  patient  was  again  prostrated  by  un- 
mistakable symptoms  of  cerebral  disease. 

Probable  neurastfunia  in  a  plethoric  patient^  caused  by  excessive  application  to 
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business — Slow  improvement  under  galvanization  and  general  fraadita- 
tion. 

Case  ii. — Mr.  A.  was  a  short,  stout,  anJ  remarkably  plethoric  man,  aged 
6a  Through  his  active  business  life  he  had  confined  himself  most  closely  to 
his  duties,  seldom  taking  a  day  for  recreation,  even  during  the  heat  of  summer. 
Nineteen  years  since  he  retired  from  business  with  greatly  impaired  health  and 
strength.  It  was  thought  that  perfect  freedom  from  all  care  would  be  sufficient 
to  restore  his  native  vigor  of  constitution.  On  the  contrary,  he  gained  but  little, 
if  any.  His  general  appearance  was  typical  of  perfect  health,  but  ordinary  ex- 
ertion, either  mental  or  physical,  was  sure  to  produce  exhaustion.  His  pulse 
was  normal^  and  the  patient  was  plethoric  rather  than  anamic.  It  was  impos- 
sible for  him  to  read  more  than  ten  or  fifteen  minutes  without  becoming  restless 
and  excessively  nervous,  and  exercise  in  walking,  to  the  extent  of  a  dozen  blocks 
or  so,  would  frequently  produce  complete  prostration.  His  sleep  at  night  was 
broken,  and  sometimes  entirely  destroyed  There  was  not  the  slightest  evi- 
dence of  organic  disease,  but  the  whole  nervous  system  seemed  to  be  unstrung. 
He  hai  submitted  to  almost  every  method  of  tonic  treatment,  both  medicinal 
and  hygienic,  but  had  seldom  experienced  even  temporary  relief.  We  felt  justi- 
fied in  encouraging  him  to  hope  for  favorable  results  from  treatment  by  electri- 
zation. With  admirable  perseverance  and  promptness  he  continued  to  visit  us 
for  two  months,  never,  in  a  single  instance,  failing  to  keep  an  appointment. 

At  first,  general  applications  with  the  faradic  current  were  given  every  other 
day.  At  each  sitting  he  seemed  much  invigorated,  and  for  several  hours  he  ex- 
perienced a  degree  of  strength  and  lightness  of  spirit  such  as  he  had  been  a 
stranger  to  for  years. 

These  effects,  however,  seemed  but  temporary,  for  the  old  lassitude  in- 
variably returned ;  consequently,  after  three  weeks  of  treatment  with  the  faradic, 
we  resorted  to  a  weak  galvanic  current,  from  twelve  of  Bunsen's  cells. 

The  negative  pole  was  applied  to  the  epigastric  region,  and  the  positive  to 
the  back  of  the  neck,  near  the  seventh  cervical  vertebra  and  also  along  the  an- 
terior border  of  the  scalenus  anticus  muscle,  in  order  to  affect  more  thoroughly 
the  great  sympathetic. 

Sponge  electrodes  were  used,  and  the  applications  were  prolonged  sufficiently 
to  produce  an  intense  redness  and  an  acute  burning  sensation  under  them.  By 
this  method  the  immediate  effects  were  not  so  marked  as  when  the  faradic  cur- 
rent was  used,  but  the  relief  afforded  was  more  permanent . 

For  the  first  time,  his  sleep  became  more  quiet  and  sound,  and  during  the  day 
following  an  application  he  was  able  to  exercise  both  mind  and  body  harder 
and  longer  than  usual.  lie  now  submitted  to  treatment  by  galvanization  every 
day.  Week  by  week  he  gained  very  perceptibly  in  vigor,  until,  after  having  re- 
ceived the  galvanic  current  some  twenty-five  times,  he  left  us  to  spend  the  sum- 
mer months  among  the  mountains.  He  did  not  discontinue  treatment  with  a 
nervous  system  perfectly  strengthened,  but  ho  had  regained  approximately  the 
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usual  portion  of  mental  and  physical  endurance  enjoyed  by  persons  of  his  years. 
Whereas,  before  treatment  by  electrization,  he  was  not  able  to  walk  half  a  mile 
without  fatigue,  nor  read  more  than  ten  or  fifteen  minutes  without  suffering 
from  nervous  irritability,  after  treatment  he  enjoyed  and  derived  benefit  from 
walking  several  miles  in  the  day,  and  could  confine  himself  to  a  book  for  an 
hour  or  two  without  experiencing  any  sjrmptoms  of  mental  exhaustion. 

The  query  arose  whether,  in  the  above  case,  there  might  not 
have  been  some  cerebral  difficulty.  Subsequent  history  of  the 
case  would  seem  to  justify  the  diagnosis  of  neurasthenia,  since,  at 
the  date  of  writing,  he  is  still  in  quite  good  health. 

Neurasthenia^  complicated  with  anamia^  dyspepsia,  spinal  irritcUion,  and 
hypochondriasis,  treated  by  general  faradization  and  galvanization  — 
Improvement  and  subsequent  relapse. 

Case  12. — Mr.  E.,  a  tall,  spare  man,  aged  about  50,  was  sent  to  us  by 'Dr. 
Gurdon  Buck,  to  try  the  effect  of  electrization.  He  was  a  gentleman  of  wealth 
and  leisure,  and  for  several  years  had  been  entirely  free  from  any  of  the  cares  of 
active  business  life.  He  was  frequently  troubled  with  indigestion.  At  times 
he  would  seem  to  regain  some  vigor,  and  would  exercise  to  a  considerable 
extent  without  experiencing  inconvenience,  but  as  a  rule  the  most  ordinary 
mental  or  physical  exertion  was  followed  by  extreme  exhaustion.  Pains  in 
the  lumbar  region  of  the  back  were  of  frequent  occurrence,  especially  after 
passing  a  sleepless  night.  There  was,  however,  no  spinal  tenderness.  He 
was  a  good  barometer — an  east  wind  would  almost  drive  him  to  despur,  and 
so  long  as  it  lasted  he  could  hardly  muster  strength  or  inclination  to  leave  his 
couch.  As  soon  as  the  wind  changed  and  the  sun  appeared,  he  observed  an 
immediate  amelioration  of  his  dreadfully  depressed  condition. 

Our  patient  experienced  the  usual  exhilaration  that  so  frequently  follows  a 
general  application  of  the  faradic  current. 

Although  at  first  this  invigoration  was  of  but  temporary  duration,  the 
effects  of  the  treatment  were  gradually  prolonged  after  each  sitting,  until  in  a 
much  shorter  time  than  is  usually  the  case  in  conditions  such  as  the  one  under 
consideration,  the  patient  enjoyed  a  good  degree  of  health. 

We  noticed  that  while  the  faradic  current  was  more  effectual  than  in  the 
case  of  Mr.  A.,  just  related,  the  galvanic  current  seemed  to  possess  even 
greater  ix)wer. 

During  damp,  enervating  days  especially,  general  galvanization  prevented 
exhaustion  far  more  successfully  than  faradization.  The  patient  retamed  the 
nervous  vigor  that  he  had  gained  for  many  months ;  subsequently,  however,  he 
relapsed,  and  again  placed  himself  under  our  care.  He  wab  decidedly  benefited 
by  this  second  course  of  treatment,  but  not  to  the  same  extent  as  at  first. 
When  last  seen  he  had  retained  a  measure  of  improvement,  but  was  extraordi- 
narily susceptible  to  atmospheric  changes 
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Neurtuthenia  caused  by  anxiety — Insomnia^  great  debility ^  treated  by  general 
faradization— Temporary  improvement  with  relapse. 

Case  13. — Dr.  C.  L.  Mitchell,  of  Brooklyn,  requested  us  to  see  with 
him  a  very  interesting  and  unusual  case. 

The  patient  was  a  married  lady  of  refinement  and  culture,  endowed  with 
an  exquisitively  sensitive  organization. 

We  found  her  in  bed,  unable  to  walk  across  the  room,  or  even  to  make  the 
slightest  exertion  without  experiencing  fatigue.  Her  pulse  was  weak  and  the 
appetite  capricious.  For  a  long  time  she  had  suffered  from  persistent  insom> 
nia,  which  greatly  aggravated  her  distress. 

No  organic  disease  was  manifest,  yet  her  physician,  at  short  intervals, 
anxiously  tested  her  urine  for  evidence  of  Bright's  disease.  The  history  of  the 
case  is  as  follows :  During  the  summer  of  '67  she  became  considerably  reduced 
in  strength  and  spirits. 

In  the  early  part  of  November  of  the  same  year  she  began  to  suffer  from 
insomnia  and  great  nervous  prostration,  which  in  a  short  time  so  reduced  her 
that  she  was  confined  not  only  to  the  house,  but  most  of  the  time  to  her  bed. 
Skilful  medical  treatment,  the  most  tender  care,  and  the  best  possible  hygienic 
surroundings  alike  proved  unavailing.  For  several  months  she  remained  in 
about  the  same  condition,  her  symptoms  being  neither  aggravated  nor  much 
improved. 

Sleep  was  produced  only  by  the  administration  of  large  doses  of  McMunn's 
elixir  of  opium,  which  fortunately  caused  no  derangement  of  the  digestive 
function. 

Bromide  of  potass,  was  entirely  inoperative  ;  probably  because  of  excessive 
cerebral  anaemia.  A  short  time  previous  to  her  illness  she  had  experienced 
intense  anxiety,  because  of  the  simultaneous  and  serious  illness  of  her  five 
children.  To  this  cause  in  a  great  measure  was  attributed  the  nervous 
prostration  from  which  she  had  long  continued  to  suffer. 

We  made  the  first  application  of  an  exceedingly  mild  and  fine  faradic  cur- 
rent over  the  head  down  the  spine,  Jan.  28,  '68.  The  stance  lasted  but 
about  5  minutes. 

The  patient  described  the  sensation  as  most  delightful,  and  expressed  disap* 
pointment  because  the  treatment  was  so  brief.  The  following  night  she  slept  bet- 
ter and  longer  than  usual.  In  two  days  a  second  visit  was  made,  and  although 
in  the  mean  time  the  menses  had  appeared,  we  gave  her  mild  treatment  as  before. 
The  immediate  result  was  unfavorable,  for  such  a  profuse  flow  was  caused  that 
she  was  greatly  weakened,  and  it  was  necessary  to  suspend  treatment  for  nearly 
a  week. 

By  February  5th  the  patient  had  regained  her  usual  strength,  and  we  made 
a  third  application  with  greatly  increased  intensity  of  current. 

February  8th,  found  her  considerably  improved.  She  felt  stronger ;  her 
appetite  was  better,  and  she  slept  quietly,  although  her  nightly  dose  of  opium 
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was  reduced  one-third.  She  retained  what  she  had  gained  until  February  22, 
when  electrization  was  discontinued  untU  March  4th,  because  of  the  return  of 
the  menstrual  period.  For  seven  nights  after  the  last  application  (February 
22d)  she  slept  extremely  well.  For  three  nights  preceding  the  next  stance, 
March  4th,  she  suffered  much  from  a  return  of  the  old  persistent  insomnia. 

The  1 2th  application  was  given  March  6th,  when  treatment  by  electriza- 
tion  was  discontinued. 

She  became  discouraged  by  this  last  relapse,  comparatively  unimportant  and 
readily  accounted  for,  as  is  at  once  seen.  One  marked  result  of  the  effect  of 
electrization  was  a  considerable  increase  in  the  strength  of  the  armsu 


CHAPTER  XVIII. 
HYPOCHONDRIASIS  {PATHOPHOBIA)  AND  MELANCHOLIA , 

Like  hysteria,  dyspepsia,  and  insomnia,  hypochondriasis  is 
frequently  one  of  the  manifold  phases  of  the  nervous  diathesis, 
and  may  be,  and  frequently  or  usually  is,  associated  with  some 
one  or  more  of  these  nervous  symptoms.  It  is  a  concomitant*  of 
spermatorrhoea,  of  disease  of  the  liver,  the  spinal  cord,  and  espe- 
cially of  the  brain. 

The  special  pathology  of  this  symptom  is  rarely  revealed, 
except  in  those  cases  where  it  is  evidently  dependent  on  disease 
of  the  brain. 

We  desire  here  to  speak  not  so  much  of  the  melancholia  of  the 
severer  stages  of  cerebral  disease,  but  of  the  milder  and  more 
frequent  forms,  such  as  are  exhibited  in  the  incipient  or  premoni- 
tory stages  of  insanity,  or  as  are  daily  familiar  to  all  physicians  as 
an  accompanying  symptom  of  dyspepsia,  nervous  exhaustion 
(neurasthenia),  and  spermatorrhcea. 

Of  the  first  class  of  cases  the  pathology  is  probably  the  same 
as  that  of  insanity  itself,  and  it  results  from  some  disease  of  the 
brain,  the  same  in  kind,  differing  only  in  degree  from  that  which 
is  found  on  post-mortem  examinations  of  those  who  have  died 
insane. 

Of  the  second  and  far  more  numerous  class  of  cases  of 
hypochondriasis,  such  as  are  every  day  found  in  association  with 
the  nervous  symptoms  above  mentioned,  the  pathology,  we  need 
hardly  say,  is  both  uncertain  and  obscure.  There  are  potent 
reasons  for  believing  that  the  sympathetic  nervous  system  is 
largely  at  fault  in  such  cases ;  and  that  if  not  demonstrably  dis- 
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eased,  it  is  yet  the  medium  through  which  disease  of  the  other  parts 
reacts  on  the  brain,  and  produces  molecular  or  other  disturbance. 
These  reasons  are  : — 

1 .  Hypochondriasis  is  most  markedly  and  uniformly  associated 
with  disease  of  those  organs  that  are  liberally  supplied  with 
branches  of  the  sympathetic.  It  is  by  far  most  frequently  associated 
with  diseases  of  the  stomach  and  liver,  and  the  genital  apparatus. 
Now  the  stomach  and  liver  are  supplied  by  the  great  solar 
plexus,  while  the  genital  organs  are  supplied  by  the  hypogas- 
tric plexus. 

On  the  other  hand,  hypochondriasis  is  but  rarely  associated 
with  disease  of  the  lungs,  even  in  the  last  stages  of  consumption ; 
and  we  know  that  the  sympathetic  nerve  supply  of  the  thorax  is 
but  meager  in  comparison  with  that  of  the  digestive  and  genital 
organs.  It  is  familiar  both  to  the  laity  and  the  profession  that 
very  slight  disturbances  of  the  urethra,  prostate  gland,  of  the 
testicles,  of  any  or  all  parts  of  the  genitals,  may  give  rise  to  the 
most  obstinate  and  depressing  melancholy,  which  is  ludicrously 
out  of  all  proportion  to  the  character  of  the  disease ;  while,  on  the 
contrary,  patients  whose  lungs  are  hollowed  by  wasting  tubercles, 
and  whose  days  are  certainly  numbered,  not  only  do  not  de- 
spond, but  are  irrationally  and  absurdly  hopeful. 

2.  The  demonstrated  and  established  fact  that  hypochondriasis 
frequently  yields  to  electrization  of  the  sympathetic  ganglia,  goes 
strongly  to  show  that  this  portion  of  the  nervous  system  is  either 
the  seat  of  the  disease  or  the  medium  of  its  communication. 

The  cases  detailed  hereafter  will  illustrate  this  point  with 
sufficient  fulness. 

The  two  leading  ideas  that  we  here  desire  to  impress  are, 
firsts  that  hypochondriasis  is  just  as  truly  a  disease,  or,  more 
strictly  speaking,  a  symptom  of  disease,  as  dyspepsia,  insomnia, 
chorea,  neuralgia,  paralysis,  or  insanity,  and  should  be  treated  ac  - 
cordingly.  The  popular  method  of  kicking  hypochondriacs  out 
of  doors,  administering //tf^'^^£?x,  is  not  scientific,  and,  except  in 
rare  cases,  is  not  successful.  Secondly^  hypochondriasis,  when  not 
dependent  on  serious  lesions  of  the  central  nervous  system,  is 
susceptible  of  relief  and  of  positive  cure  under  the  skilful  and 
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faithful  use  of  electrization.  Still  further  we  believe — and  the 
results  of  our  own  cases  justify  the  belief — that  cerebral  disease  of 
a  more  pronounced  character  itself  may  be  relieved  by  electriza- 
tion ;  and  that  that  terrible  form  of  hypochondriasis  which  is  the 
precursor  of  organic  cerebral  disease — the  vestibule  that  leads  to 
the  dark  and  gloomy  caverns  of  insanity — may  be  controlled  or 
kept  at  bay  by  a  persevering  electrical  treatment 

Prognosis. — Of  12  cases  in  which  hypochondriasis  was  the 
leading  symptom  that  we  have  treated,  3  recovered,  3  approxi- 
mately recovered,  4  were  decidedly  benefited,  and  in  one  case 
the  result  was  unknown. 

Treatment — In  hypochondriasis  both  general  electrization  and 
galvanization  of  the  sympathetic  are  indicated  We  have 
obtained  good  results  from  both  methods,  though  most  of  our 
cases  were  treated  by  the  former.  Galvanization  of  the  brain  and 
spinal  cord  may  be  used  in  cases  that  are  supposed  to  depend 
on  disease  of  these  parts. 

Persistent   menial   depression — Improvement  under  general  faradization 
after  galvanization  of  ^ain,  sympathetic^  and  spinal  cord  hcul  failed. 

Case  14. — The  beneficial  results  of  general  faradization  in  hypochondriasis 
were  decidedly  manifest  in  the  case  of  a  patient  directed  to  us  by  Dr.  John  T. 
Metcalfe.  In  the  case  under  consideration  there  was  not  the  slightest  evidence 
of  organic  disease ;  every  function  was,  as  a  rule,  performed  in  a  r^^ar  and 
healthy  manner.  The  patient  was  a  man  in  the  prime  of  life,  with  a  physique 
and  countenance  indicative  of  robust  health. 

For  several  months  his  daily  life  had  been  rendered  miserable  by  an 
imdefinable  sense  of  oppression,  and  a  fearful  looking  forward  to  of  calamity 
and  ruin. 

In  vain  did  he  exercise  all  the  philosophy  and  reason  of  a  naturally  well-bal- 
anced mind  :  his  delusions  clung  to  him,  and  the  only  waking  hours  to  which 
he  looked  forward  with  any  degree  of  patience  were  those  of  the  early  even- 
ing. 

After  a  comfortable  dinner  and  a  few  glasses  of  sherry  his  spirits  invariably 
rose ;  for  a  time  he  was  again  himself.  The  patient  was  most  persistent  and 
faithful  in  submitting  to  treatment,  and  the  number  of  applications  that  he 
received  was  somewhat  extraordinary.  Of  the  faradic  current  some  75  were 
administered.  Occasionally  we  subjected  him  to  galvanization  of  the  brain, 
cord,  and  sympathetic,  but  the  results  of  this  method  of  treatment  were  by  no 
means  favorable.     Under  general  faradization,  however,  he  decidedly  improved. 
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Pathophobia — Suspected  disease  of  the  ears — Improvement   under  general 

galvano' faradization. 
Case  15. — A  still  more  favorable  result  was  obtained  in  the  person  of  a 
young  man  aged  25,  who,  like  the  patient  just  referred  to,  presented  every 
indication  of  health.     At  all  hours  of  the  day  he  was  annoyed  by  tinnitus 
aurium,  and  what  to  him  seemed  an  audible  voice  telling  him  of  evil  to  come. 
We  submitted  him  to  general  applications  of  a  powerful  faradic  current,  and 
also  to  occasional  galvanization  of  the  brain,  cord,  and  sympathetic.     Some 
improvement  followed.     The  most  decided  benefit  was,  however,  derived  from 
the  method  of  galvano-faradization.     The  faradic  current,  full  strength,  from 
a  Kidder  apparatus,  and  at  the  same  time  the  galvanic  current  from  15  cells  of 
Bunsen's  battery,  were  passed  through  and  around  the  body,  by  the  method  of 
general  electrization.     Improvement   was  now  remarkably  rapid.      In   the 
course  of  half  a  dozen  applications  every  unpleasant  symptom  disappeared, 
and  the  patient  has  since  remained  perfectly  free  from  any  evidence  of  their 
return. 

Mental  depression ^  insomnia,  and  loss  of  memory  caused  by  excessive  and 
protracted  intellectual  exertion — Temporary  relief  from  a  short  treatment 
by  general  faradization. 

Case  16. — Mr.  W.,Aged  65,  was  referred  to  us  May  31st,  1869,  by  Dr.  E.  R. 
Peaslee.  The  patient  was  remarkably  tall,  large,  and  quite  plethoric  He 
was  a  lawyer  in  large  practice,  and  for  many  years  had  closely  confined  him- 
self to  his  duties,  with  scarcely  any  vacation. 

Recently  he  had  observed  impairment  of  memory,  and  was  unaccountably 
depressed. 

Treatment  by  general  faradization  was  used  five  times,  with  special  reference 
to  the  head,  and  with  apparently  beneficial  results. 

Gastralgia,  insomnia,  hypochondriasis,  during  convalescence  from  an  attack 
of  peritonitis — Approximate  recovery  under  general  faradization . 

Case  17. — Mr.  B.,  aged  67,  was  first  seen  by  us  April  i,  1868.  The  patient 
a  strong,  firmly-built  man,  who  had  always  been  in  pretty  uniform  health.  All 
winter  he  had  been  confined  to  his  house,  and  much  of  the  time  to  his  room 
and  bed.  At  one  time  had  experienced  a  severe  attack  of  peritonitis,  from 
which  he  recovered  under  treatment,  but  which  left  him  in  a  condition  of  de- 
bility and  nervous  impressibility.  He  was  dyspeptic,  more  or  less  sleepless,  and 
exceedingly  despondent.  There  were  no  evidences  of  local  lesions,  or  of  an 
organic  disease,  but  considerable  rheumatic  pain  in  the  muscles  of  the  back,  and 
occasional  attacks  of  gastralgia.  He  was  quite  irritable,  self-absorbed  in  his 
symptoms,  and  apprehensive  of  impending  eviL 

The  first  applications  of  geoeral  electrization  were  given  at  the  patient's 
residence.  His  adipose  tissue  ¥ras  abundant,  and  he  bore  strong  currents 
without  discomfort. 
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The  improvement  was  immediate.     After  the  second  sitting  he  became  more 

hopeful,  and  felt  stronger.      He  soon  began  to  walk  and  ride  out ;  was  less 

capricious  and  exacting  in  his  diet.      There  was  less  tendency  to  magnify  his 

physical  evils  and  a  greater  consideration  for  the  comfort  of  his  attendants. 

On  May  ist,  he  began  a  course  of  treatment  at  the  office  which  resulted  in 

still  further  improvement.      By  the  middle  of  May  he  returned  to  hb  home 

entirely  relieved  of  all  his  symptoms.     Six  weeks  after  there  was  a  recurrence 

of  attack  of  gastralgia,   which  disappeared  during  the   siunmer.       In  this 

case  the  improvement,  especially  at  the  outset,  was  probably  due  in  part  to  the 

moral  influence  of  a  new  physician  and  novel  method  of  treatment. 

Insanity, — The  very  marked  results  that  have  been  obtained 
by  electrization  in  hypochondriasis,  insomnia,  and  hemiplegia 
dependent  on  cerebral  disease,  give  reason  to  hope  that  the 
same  remedy  may  be  useful  in  insanity.  The  incipient  stages  of 
mental  disease  ought  certainly  in  some  cases  to  be  relieved,  if  not 
cured,  either  by  faradization  or  galvanization  of  the  head,  and 
galvanization  of  the  sympathetic.  We  believe  that  an  important 
future  is  in  store  for  the  scientific,  faithful  use  of  this  remedy  in 
our  public  and  private  asylums. 

It  will  be  observed  that  a  number  of  our  cases  of  hysteria  and 
hypochondriasis  in  which  the  results  of  treatment  were  most  .sat- 
isfactory, were  really  of  unsound  mind,  and  for  this  reason  we 
regret  not  to  have  had  opportunity  to  test  the  treatment  in 
severer  forms  of  insanity. 

Althaus*  reports  good  results  in  some  cases  of  excessive  spirit 
drinking  from  the  use  of  galvanization  of  the  spine,  head,  and 
cervical  sympathetic.  He  states,  that  under  this  treatment  "  the 
morbid  desire  for  alcohol  was  rapidly  checked." 

Dipsomania,  —  Chronic  Alcoholism, —  Opio-mania, — Excessive 
Use  of  Tobacco. — Electrization  would  be  indicated  in  cases  of  ex- 
cessive addiction  to  alcohol,  opium,  or  tobacco,  on  two  grounds. 
In  i\\e  first  place,  the  cerebral  disorder  with  which  these  conditions 
are  associated,  and  of  which  they  may  sometimes,  at  least,  be 
supposed  to  form  a  part,  would  be  benefited  by  galvanization  of 
the  head  and  of  the  sympathetic ;  and,  secondly^  the  very  great 
debility  and  nervousness  that  result  from  the  excessive  use  of 
these  agents,  and  which  so  severely  complicate  all  attempts  to 

*  A  Treatise  on  Medical  Electricity.    Second  E^tion,  1870,  p.  440,  et  stq. 
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break  off  the  evil  habit,  would  be  rationally  combated  by  general 
electrization.  Althaus  reports  favorable  results  from  this  treat- 
ment in  opium-eating  and  excessive  smoking.  The  symptoms  of 
chronic  alcoholism  are  so  similar,  in  many  respects,  to  those  that 
are  found  in  other  nervous  diseases,  that  they  might,  logically,  be 
treated  in  the  same  way. 


CHAPTER  XIX. 
HYSTERIA. 

Hysteria  is  a  phase  of  the  nervous  diathesis  in  which  all  parts  of 
the  nervous  system  are  in  a  condition  of  abnormal  irritability ^  which 
may  manifest  itself  by  the  same  local  or  general  symptoms  that  arise 
from  organic  disease. 

There  is  scarcely  a  symptom  of  organic  lesion,  from  general 
paralysis  down  to  the  slightest  twitches  of  neuralgic  pain,  that 
may  not  arise  from  an  excessively  irritable  condition  of  the  ner- 
vous system.  The  name  hysteria  is  one  of  the  most  unfortunate 
that  has  ever  crept  into  medicine.  It  suggests  the  idea  that  the 
disease  in  some  way  arises  from  the  female  genital  apparatus, 
although  it  is  now  well  recognized  that  it  may  exist  in  the  male  as 
well  as  in  the  female  sex,  and  only  in  a  minority  of  cases  is  there 
a  traceable  and  necessary  dependence  on  sexual  irritation.  Even 
in  cases  where  sexual  disturbance  is  associated  with  hysteria,  it 
may  be  an  effect  as  well  as  a  cause,  or  it  may  stand  in  both  rela- 
tions. 

Concerning  the  pathology  of  the  hysterical  condition,  it  is  logi- 
cal to  assume  that  the  abnormal  irritability  which  constitutes  its 
principal  feature  is  the  result  or  expression  of  some  definite  and 
peculiar  morbid  process,  which  is  just  as  truly  an  organic  condition 
as  though  it  could  be  revealed  to  chemistry  or  the  microscope. 
In  the  absence  of  precise  knowledge  we  may  assume  that  hysteria 
is  an  exaggeration  of  neurasthenia,  or  nervous  exhaustion, — a 
more  advanced  stage  of  nervous  impoverishment, — a  step  lower  in 
the  process  of  degeneration.  Both  conditions  are  common  to  the 
nervous  diathesis,  and  both  may  be  the  advances  to  local  and  re- 
cognizable lesion  of  the  nerve-centres. 

The  symptoms  of  hysteria  are  really  the  symptoms  of  all  ner- 
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vous  diseases,  since  it  may  simulate  all.  So  truly  and  so  frequently 
is  this  the  case,  that  before  establishing  the  diagnosis  in  nervous 
diseases,  it  is  necessary,  first  of  all,  to  exclude  the  possibility  of 
hysteria. 

The  leading  features  which,  in  any  given  case  of  nervous  dis- 
ease, lead  us  to  suspect  the  hysterical  condition,  are  the  peculiar 
hysterical  convulsions  and  the  nervous  diathesis.  Female  sex,  ex- 
cessive hyperasthesia,  psychological  disturbances^  either  constant  or 
occasional,  in  the  form  of  depression,  melancholy,  or  caprice  ;  disease 
of  the  sexual  organs  ;  oedema  of  the  joints  ;  a  transitory,  changing, 
and  metastatic  character  of  the  symptoms  ;  and,  finally,  absence  of 
other  necessary  evidences  of  organic  disease. 

Among  the  other  symptoms  which  are  most  frequently  manifest- 
ed by  hysterical  patients,  may  be  mentioned  motor  paralysis,  mus- 
cular contractions,  anaesthesia,  neuralgia,  including  cephalalgia 
and  spinal  irritation,  aphonia,  and  various  tonic  and  clonic  cramps, 
amenorrhoea,  fits  of  nervous  coughing  or  vomiting,  hiccough, 
incontinence  of  urine. 

Electro-diagnosis. — Usually,  though  not  necessarily,  there  is 
excessive  sensitiveness  to  the  electric  current  in  all  parts  of  the 
body.  Patients  sometimes  can  bear  only  the  mildest  ciurents. 
In  some  cases  even  a  mild  current  will  not  be  borne  on  the 
middle  of  the  back,  which,  in  health,  is  usually  so  little  sensitive. 
Reflex  sensations  may  be  observed  during  electrization  of  hysteri- 
cal patients.  Irritation  of  the  diseased  side  of  the  body  may  be 
sensitively  felt  in  the  healthy  side.  Another  point  in  the  diagnosis 
is  the  capacity  for  hearing  very  strong  currents  without  injury, 
even  when  there  is  great  hypercesthesia.  The  electro-diagnosis  of 
hysterical  paralysis  will  be  presented  under  that  disease. 

Treatment. — Hysteria  is  a  constitutional  disease,  and  demands 
constitutional  treatment.  To  attempt  to  chase  after  and  direct 
the  application  of  electricity  to  each  special  symptom  as  it  ap- 
pears, is  unphilosophical  and  usually  unsuccessful.  General  fara- 
dization and  galvanization  of  the  sympathetic  are  methods  of  elec- 
trization that  are  indicated  for  hysteria.  Under  whatever  symp- 
toms it  may  be  developed,  our  chief  and  best  results  have  been 
obtained  by  general  faradisation  alont\  This  g^^noral  treatment 
14 
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does  not,  of  course,  dispense  with  localized  electrization  of  para- 
lyzed muscles,  or  special  attention  to  any  localities  where  the  dis- 
ease is  for  the  time  directed.  Diseases  of  the  sexual  organs,  hys- 
terical  hiccough  or  cough,  aphonia,  or  incontinence  of  urine,  may 
sometimes  need  localized  electrization,  but  these  s}Tnptonis  fre- 
quently yield  under  general  electrization,  when  no  special  atten- 
tion is  given  to  the  diseased  parts.  In  nearly  all  cases,  except, 
perhaps,  long-standing  paralysis,  it  is  much  better  to  dispense  with 
the  local  than  the  general  treatment  In  cases  of  extreme  hyper- 
aesthesia,  it  may  be  necessary,  as  Benedikt*  advises,  to  place  the 
patient  under  the  influence  of  an  anaesthetic  while  the  application 
is  made.  Strong  currents  do  not  appear  to  be  injurious  in  such 
cases. 

Prognosis.  —  The  behavior  of  hysteria  under  electrization  is 
as  capricious  and  inconsistent  as  are  its  symptoms.  Some  cases 
yield  to  general  electrization  with  wonderful  rapidity ;  others,  ap- 
parently no  worse,  are  singularly  obstinate.  On  the  average,  the 
prognosis  is  so  favorable  that  no  case  should  be  abandoned  without 
a  fair  trial  of  this  method  of  treatment.  Under  peripheral  electri- 
zation the  results  are  usually  unsatisfactory,  since  the  relief  of  the 
local  symptom  is  by  no  means  a  cure  of  the  morbid  constitutional 
condition. 

Our  records  of  hysteria  are  : — 

Whole  number  treated 12 

Recovered 4 

Approximately  recovered i 

Decidedly  benefited 3 

Slightly  "         I      • 

Not  **         2 

Unknown i 

Besides  these,  some  of  the  cases  reported  under  paralysis, 
anaesthesia,  spinal  irritation,  anaemia,  chlorosis,  etc.,  may  be 
regarded  as  more  or  less  of  an  hysterical  character. 

Hysteria  of  a  psychical  origin — Paroxysms  of  weeping — Pain  in  the  ovarian 
region — Great  hyperesthesia — Improvement  under  general  faradization. 

Case  18. — The  case  of  a  young  unmarried  lady  under  the  professional  care 

♦  Op.  cit.,  433. 
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of  Dr.  H.  Gregory,  of  Harlem,  very  well  illustrated  some  of  the  main  points 
of  the  above  remarks. 

The  patient,  who  was  but  eighteen  years  of  age,  had  for  several  years  been 
the  victim  of  constitutional  debility  that  disqualified  her  for  indulging  in  any 
considerable  amount  of  exercise. 

This  debility,  however,  was  not,  as  she  asserted,  sufficient  to  account  for  the 
indisposition  frequently  evinced  of  making  any  exertion.  At  these  times, 
whenever  she  ascended  the  stairs,  or  even  attempted  to  walk  across  the  room, 
she  complained  earnestly  of  severe  pain  in  the  left  ovarian  region,  which  ex- 
tended down  the  left  and  sometimes  even  the  right  leg.  She  was  at  all  times 
excessively  low-spirited,  and  usually  indulged  during  the  day  in  several  quiet 
crying  spells.  When  her  paroxysms  of  weeping  were  unusiially  violent  (pre- 
senting more  of  the  hysterical  character)  the  cardiac  nerves  seemed  to  suffer, 
as  evidenced  by  attack  of  palpitation  with  deranged  rhythm.  These  paroxysms 
were  attended  by  greatly  increased  pain  in  the  ovarian  region,  and  this  pain  she 
regarded  as  the  cause  of  all  her  unpleasant  symptoms.  The  fact  that  this  part 
was  exceedingly  sensitive  to  pressure,  while  the  right  side  was  insensible  to 
ordinary  impressions,  was  to  her  and  her  friends  additional  proof  that  her 
nervous  condition  was  an  effect  and  not  a  cause  of  this  local  irritation.  As 
counter-irritation  and  the  usual  tonic  influences  indicated  in  such  a  case  seemed 
to  afford  but  little  or  no  relief,  her  physician  advised  electrization,  and  invited 
us  to  treat  the  patient.  A  gentle  faradic  current,  applied  with  the  hand  as  an 
electrode  over  the  left  ovarian  region,  caused  greater  pain  than  pressure  alone, 
and  immediately  excited  an  attack  of  crying. 

After  she  had  been  treated  several  times,  and  had  become  familiar  with  the 
operation,  it  was  interesting  to  notice  the  fact  that  if  her  attention  was  engaged 
in  earnest  conversation  during  an  application,  the  current  excited  in  her  no 
manifestation  of  pain. 

If  her  mind  was  recalled  to  the  operation  on  hand,  the  part  suddenly  and 
unciccountably  became  as  sensitive  as  ever.  The  patient  continued  treatment 
two  months,  and  received  twenty  general  applications. 

Uninterrupted  improvement  followed  our  endeavors.  She  gradually  gained 
in  strength  and  spirits.  Her  paroxysms  of  weeping  became  less  and  less  fre- 
quent until  she  was  comparatively  free  from  them. 

As  she  improved  in  these  respects,  the  irritation  in  the  left  ovarian  region 
of  which  she  complained  gradually  left  her,  until  she  was  annoyed  by  it  no 
more. 

There  is  one  symptom  occasionally  accompanying  hysterical 
conditions,  and  which  is  invariably  associated  with  hyperaesthesia 
of  the  skin,  that  we  do  not  find  given  in  the  descriptions  of  this 
disease.  We  refer  to  an  increased  redness  of  different  portions  of 
the  surface  of  the  body.     This  complication  is  annoying  under 
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any  circumstances,  but  more  especially  so  when  an  exposed  part 
of  the  body,  as  the  nose,  is  the  seat  of  the  increased  color. 

Hysteria  caused  by  grief — Paroxysms  of  weeing —  Unnatural  redness  of  skin 
of  arms  and  nose — Recovery  under  general  faradization. 

Case  19.— The  patient — a  young  lady,  23  years  of  age — had  lost  her  sister 
four  months  previously,  and  from  that  affliction  she  dated  all  her  symptoms. 
Before  thb  affliction  she  had  enjoyed  almost  perfect  health  and  was  remarkably 
buoyant  in  her  disposition.  During  her  sister's  illness  she  had  been  her  con- 
stant attendant,  and  had  become  reduced  considerably  in  strength. 

After  the  burial  all  strength  and  energy  seemed  to  leave  her :  the  appetite 
was  lost,  and  for  several  days  and  nights  she  wept  continually,  neither  eating 
nor  sleeping. 

Recovering  in  a  measure  from  this  prostration,  she  tried  change  of  scene, 
hoping  thus  to  dissipate  her  miserably  nervous  condition.  She  derived  but 
little  benefit,  and  when  we  saw  her  her  condition  was  indeed  pitiable.  In  re> 
lating  how  miserably  she  felt ;  how  little  inclination  she  had  to  meet  her  dearest 
friends ;  how  the  sound  of  music  distressed  her ;  and  what  terrible  choking  sen- 
sations she  constantly  experienced,  the  tears  flowed  thick  and  fast.  The  men- 
strual function  was  performed  with  perfect  regularity ;  the  amount  of  blood 
lost  was  not  excessive,  and  was  accompanied  by  no  pain.  AH  her  organs 
seemed  to  be  in  a  healthy  condition.  The  patient  called  especial  attention  to 
this  increased  redness  of  skin,  of  which  mention  has  been  made.  It  was  par- 
ticularly marked  upon  the  arms  and  nose,  and  when  she  felt  more  hysterical 
than  usual  the  redness  increased,  and  was  accompanied  by  an  annoying  sensa- 
tion of  heat.  This  impairment  of  her  personal  appearance  weighed  upon  her 
mind  constantly  and  seemed  to  greatly  increase  her  distress.  Two  applications 
of  a  mild  faradic  current  so  benefited  her  that  for  thirty-six  hours  the  con- 
striction of  the  throat  ceased  to  annoy  her.  As  she  continued  receiving  the 
influence  of  electrization,  and  the  current  was  increased,  she  improved  rapidly 
in  her  general  condition,  and  after  eight  applications  the  heightened  color 
which  so  annoyed  her  was  entirely  dissipated,  and  with  it  nearly  every  other 
impleasant  symptom,  so  that  she  again  entered  society  and  seemed  to  enjoy  life 
as  well  as  ever. 

Hysteria — Violent  paroxysms  of  weeping — Great  mental  depression  verg- 
ing toward  insanity — Impairment   of  memory — Neuralgia^  anasthesia^ 
and  dyspepsia — Entire  recovery  under  general  faradization. 
Case  20. — In  December,  1867,  Dr.  F.  D.  Weisse,  of  this  city,  consulted 
us  regarding  the  condition  of  one  of  his  lady  patients,  who  was  suffering  from 
an  a^ravated  form  of  hysteria. 

Notwithstanding  his  best  endeavors,  the  case  seemed  to  resist  obstinately 
every  form  of  medication,  until  finally  he  resolved  to  place  her  under  the  tonic 
influence  of  general  electrization.     The  patient  was  a  married  lady,  aged  about 
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thirty-five.  Although  never  very  strong,  she  had  until  of  late  years  enjoyed  a 
fair  degree  of  health,  and  had  given  birth  to  several  children ;  her  whole  ap- 
pearance now  indicated  excessive  exhaustion,  but  there  was  no  evidence  of 
any  serious  organic  difficulty.  Her  symptoms  were :  intense  mental  depres- 
sion,  with  paroxysms  of  violent  crying ;  impairment  of  memory ;  loss  of  ap- 
petite ;  indigestion,  attended  with  an  excessively  annoying  flatulence ;  neuralgia 
of  the  head ;  anaesthesia,  that  shifted  from  place  to  place. 

At  times  the  depression  and  the  fits  of  weeping  which  so  frequently  over- 
came her  so  closely  assumed  the  form  of  insanity  that  her  nearest  relatives 
had  seriously  considered  the  question  whether  it  would  not  be  better  for  her  to 
be  confined  in  an  asylum.  It  was  quite  common  for  her,  without  any  appre- 
ciable cause,  to  start  suddenly  from  her  chair,  scream,  and  partially  faint. 
She  would  sometimes  weep  for  hours,  and  yet  be  unable  to  assign  any  specific 
cause  for  her  distress. 

On  the  occasion  of  her  first  visit  to  us  Ae  became  excessively  nervous,  and 
manifested  an  almost  childish  fear  of  the  operation.  When  she  was  ready  for 
treatment  her  nervous  anxiety  had  so  much  increased  that  we  thought  it  best 
to  pretend  merely  to  make  an  application.  Her  feet  were  placed  upon  the 
copper  plate  to  which  the  negative  pole  was  attached,  the  instrument  set  in 
operation;  and  our  hand  as  an  electrode  applied  to  the  back  of  the  neck.  No 
current  passed,  however,  as  the  positive  electrode  had  been  disconnected  from 
the  instrument.  As  soon  as  the  hand  of  the  operator  was  applied  to  her,  she 
declared  that  she  felt  the  electricity  tingling  through  her  whole  system ;  but 
further  remarked,  that  it  was  not  so  terrible  as  she  had  imagined.  We  were 
able  at  the  next  visit  to  pass  a  mild  current  down  the  spine  and  over  her  liver, 
stomach,  and  spleen.  Her  stomach  was  so  sensitive  that  even  this  gentle 
application  caused  pain  over  that  organ,  together  with  a  decided  feeling  of 
faintness.      At  the  third  visit  her  condition  manifested  marked  improvement. 

Her  appetite  had  improved ;  she  was  less  despondent  and  nervous ;  her 
strength  had  increased,  and  her  sleep  had  been  imusually  quiet  and  refreshing. 

A  very  decided  feature  of  her  changed  condition  was  the  fact  that  a  current  of 
twice  the  intensity  of  that  previously  given  was  now  borne  without  the  slight- 
est discomfort. 

The  fourth  application  ameliorated  somewhat  the  distressing  flatulence  from 
which  she  suffered,  and  after  the  fifth  it  ceased  to  annoy  her  to  any  very  con- 
siderable extent,  while  her  neuralgic  pains  were  entirely  dissipated.  It  may  be 
stated  that  an  application  to  the  eyes  at  this  time  resulted  in  an  overpowering 
drowsiness,  which  lasted  twenty-four  hours.  On  January  8th,  1868,  after  hav- 
ing received  but  eight  applications,  and  having  been  under  treatment  but  about 
three  weeks,  we  summed  up  the  results  as  follows : — 

Removal  of  mental  depression. 

Removal  of  paroxysms  of  weeping. 

Strengthened  memory. 


3tS  /f-iriT^'ui. 

Almost  oompteceiv  reiitf%-e:  n  Jarutmux  jzu  iiiini;pe£:ciu 

Neural^  iksapaiei. 

Azuesthesia  comptisteiv  rvlievei. 

Inores^e  of  scrcngtb. 

Thi>  padent  i  in  whose  case  ±e  results  of  ireaanenc  were  so 
gratifying »  was  not  sudfehry:.  as  we  were  infomevi  by  her  phrsi* 
cian.  fironi  any  decided  deran^nienc  of  rie  sexual  apparatus. 

In  some  cases  where  the  dia^osxs  hyscera  seems  juscinable. 
no  decided  benedc  results. 


IMiiUv — S^mal ir^^eati*.*m — Cjtsfoft^  utaiiorv  jm  T.'w  .Vrr  ::Je — Sj  mairked 

Casz  21. — Mix  M.,  agci  27.  wosreterreii::  as  Setrtemtser  11.  iS67,  by  Dr. 
Joseph  tLunmerer.  For  s«%-en  vein  siw  hjd  yeea  more  '.t  Less  jn  uxTalii ;  was 
first  attacked  with  hyscerical  ^^^mpcoms  after  «.x>ntui<me&:.  >uice  rbe  birth  of 
her  last  child,  ooe  year  Sefore,  had  been  very  feeble.  Ssverii  year?  previous  she 
had  suffered  from  fr-jCji'sus  «.'«:»':.  Her  >\Ripcom^  1:  !be  :izne  ^he  came  under 
onr  care  were  constant  headache  on  the  left  ^i^ie,  ren>.ienie»e^  «.  f  the  upper  cer- 
Tical  vertebrz  on  preKHire,  occasional  attacks  of  epi^x\i<  and  <:ei^ility. 

treatment  by  general  faradiution  was  employed  ei^^hteen  timess  during  a 
period  of  three  months^  and  with  only  alight  tem(H?rani-  improvement. 

Galvanization  of  the  spine  and  sympathecic,  that  were  indicated  in  the  case. 
were  not  tried. 

The  spinal  irritation  was  sutHciently  marked  to  classify-  the 
disease  under  that  head. 


CHAPTER  XX. 


CHLOROSIS  AND  ANALMIA, 

The  view  at  present  accepted  is  that  chlorosis  and  anaemia  are 
not  identical,  as  was  formerly  held,  but  that  they  are  two  distinct 
affections  ;  that  chlorosis  is  a  disease  of  the  nervous  system,  and 
aniemia  a  disease  of  the  blood.  They  may,  however,  be  associa- 
ted— the  anasmia  being  the  result  of  the  chlorosis. 

Both  may  be  accompanied  by  a  wide  variety  of  symptoms  of 
debility,  which  frequently  mask  the  general  condition,  and  perhaps 
deceive  the  observer. 

The  change  of  view  concerning  the  nature  of  chlorosis  is  the 
result  of  the  labors  of  Becquerel,  Valleix,  and  other  French  au- 
thorities. 

Prof.  T.  G.  Thomas*  thus  contrasts  the  two  affections : — 


AttiTmia 
**  Is  merely   impoverishment  of  the 
blood  from  want  of  nourishment,  from 
some  drain  upon  the  system,  or  from 
some  poison  in  the  blood. 

Can  usually  l)e  accounted  for  by  dis- 
covery of  some  special  cause. 

Occurs  at  all  pcritxls  of  life,  to  men, 
women,  and  children. 

Is  readily  curable  by  removal  of 
cause,  good  diet,  and  administration 
of  iron. 

Is  always  characterized  by  impover- 
ishment of  blood. 

Produces  puffy  and  pale  appearance. 

Does  not  produce  sadness  or  great 
nervous  disquietude. 


Chlorosis 
Is  a  disease  of  the  nervous  system,  and 
may  occur  with  or  without  the  produc- 
tion of  its  most  conmion  symptom, 
anonnia. 

Cannot  usually  be  accounted  for  by 
discovery  of  special  causes. 

Occurs  in  true  type  only  to  girls 
about  time  of  pul^erly. 

Is  affected  favorably  only  by  reme- 
dies which  act  upon  the  nervous  sys- 
tem, as  alteratives  and  tonics. 

Sometimes  exists  without  impover- 
ishment of  the  blood. 

Produces  a  light  green  color. 

Produces  sadness  and  nervous  dis- 
quietude. 


•  Diseases  of  Women,  second  edition,  p.  626. 
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Is  unaccompanied  by  visceral  neu-  Is  constantly  accompanied  by  visce- 
ralgia, ral  neuralgia 

Fibrin  diminished  in  blood.  Fibrin  increased  in  blood. 

No  special  affection  of  solar  plexus  Pain,  uneasiness,  or  distress,  com- 

of  nerves.  monly  referred  to  solar  plexus. 

Iron  always  does  good.  Iron  often  increases  discomfort. 

Symptoms  of  ovulation  will  be  ho-  Neither  symptoms  of  ovulation  nor 

ticed  without  menstruation.  menstruation  will  be  observed. 

The  cause  of  the  disease  being  re-  If  supposed  cause  be  semoved,  pa- 
moved,  patient  will  rapidly  improve.  tient  will  often  improve,  but  slowly." 

Concerning  the  causation  of  chlorosis,  there  seems  to  be  good 
reason  for  accepting  the  theory  of  Prof.  Thomas,*  that  "  this  pro- 
cess of  development,  which  we  term  puberty,  is  under  the  control 
of  the  ganglionic  or  sympathetic  system  of  nerves,  which  at  that 
time  must  necessarily  be  in  a  condition  of  excessive  susceptibility. 
It  is  probable  that  in  that  state  of  exaltation  it  is,  in  the  female, 
often  aflfected  by  a  functional  derangement,  which  creates  the  col- 
lection of  symptoms  to  which  we  give  the  name  chlorosis."  The 
pathology  might  also  be  supposed  to  consist  in  simple  exhaustion 
of  the  nervous  force. 

Treatment. — In  their  relation  to  electro-therapeutics,  both  dis- 
eases are  to  be  treated  on  substantially  the  same  general  princi- 
ples, that  is,  by  general  electrization ;  except  that  in  chlorosis 
more  attention  should  be  given  to  galvanization  of  the  sympathetic. 

In  anaemia,  our  results  have  been  obtained  mainly  by  general 
faradization. 

Prognosis. — Cases  of  anaemia  that  are  not  dependent  on  incu- 
rable organic  lesion,  or  persistently  maintained  by  bad  moral  or 
hygienic  influences,  are  sure  to  be  benefited.  Our  record  of 
anaemia  is  as  follows  : — 

Whole  number  treated 14 

Recovered 3 

Approximately  recovered 3 

Decidedly  benefited 4 

Slightly             "         2 

Not                  "         I 

Unknown i  * 

•  Op.  cit  ,  p.  622. 
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Anatnia  caused  by  ^oftise  hemorrhage  from  the  bowels^  with  neuralgia — 
Rapid  and  permanent  improvement  under  general  faradization. 

Case  22.— Nov.  ii,  1868,  a  physician,  52  years  of  age,  requested  us  to  treat 
him  for  a  profuse  and  mysterious  hemorrhage  from  the  bowels,  which  was 
continually  draining  his  blood  to  the  extent  of  several  oimces  daily,  with  pro- 
portionate diminution  of  strength. 

Careful  study  of  the  case  by  his  attending  physician,  and  rectal  examination 
by  a  distinguished  surgeon,  had  failed  to  determine  either  the  nature  or  the 
locality  of  the  morbid  process  of  which  the  hemorrhage  was  a  symptom. 

At  the  time  we  first  saw  the  Doctor  he  was  exceedingly  anaemic,  face,  lips, 
and  hands  pale  and  bloodless,  and  every  day  he  was  growing  worse  under  the 
repeated  sanguineous  discharges  from  the  bowels.  Anaemic  neuralgia,  which 
Romberg  has  defined  as  *'the  prayer  of  the  nerve  for  healthy  blood,"  was  felt 
in  both  upper  and  lower  limbs. 

On  account  of  his  increasing  debility,  he  had  been  compelled  to  suspend  his 
practice  and  to  confine  himself  to  the  house. 

The  Doctor  sent  for  us  in  order  to  see  whether  it  might  not  be  possible  to 
check  the  discharge  by  localizing  the  current  in  or  through  the  bowels.  This 
experiment  we  refused  to  make,  since  we  knew  nothing  of  the  morbid  procesSi 
and  had  neither  experience  nor  any  satisfactory  theory  to  guide  us  in  undertak- 
ing any  such  experiment. 

The  only  indication  was  to  combat  the  anamia  and  debility  that  had  resulted 
from  the  loss  of  blood,  in  the  possible  hope  that  the  improvement  thereby  ob- 
tained might  react  curatively  on  the  mysterious  lesion  in  the  bowels. 

We  therefore  began  the  employment  of  general  faradization,  without  spe- 
cial reference  to  the  bowels  or  to  the  viscera,  but  at  the  same  time  not  n^lect- 
ing  them. 

Improvement  followed  the  first  application.  After  the  fourth  ap|)lication 
the  neuralgia  disappeared,  and  the  appearance  of  the  patient  began  to  visibly 
improve.  In  three  weeks  he  had  gained  markedly,  not  only  in  his  appearance, 
but  in  his  muscular  strength,  and  he  began  to  resiune  the  practice  of  his  pro- 
fession. During  all  this  time  the  discharge  of  blood  from  the  bowels  had  been 
gradually  lessening,  and  at  the  end  of  six  weeks  it  was  reduced  to  a  minimum; 
the  patient  had  recovered  his  normal  color  and  appearance,  and  was  able  to 
attend  to  Ms  ordinary  duties. 

With  reference  to  this  case,  it  is  proper  to  state  (i.)  that  the  patient  was 
taking  quinine  when  we  first  visited  him,  and  continued  its  use  for  a  while  dur- 
ing the  course  of  treatment  by  general  faradization.  And  yet,  since  he  was 
growing  rather  worse  than  better  in  spite  of  the  quinine,  and  as  improvement 
began  at  once  after  the  use  of  electrization,  and  rapidly  and  steadily  progressed, 
it  is  fair  to  believe  that  the  ultimate  recovery  of  the  patient  was  nearly,  if  not 
entirely,  due  to  the  tonic  effect  of  the  dectrization.     (a.)  Prior  to  this  time, 

14* 
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the  patient  had  experienced  similar,  though  not  alarming  attacks  of  hemor- 
rhage from  the  bowels;  and  since  that  time,  also,  the  symptom  has  several 
times  returned,  but  not  with  such  force  or  persistence  as  to  demand  electrical 
treatment. 

Amentia  associated  with  Addison's  disease — Dark  skin,  deficient  secretions^ 
paralysis  of  le^t  arm,  loss  of  sexual  power —  Very  great  improvement  under 
general  faradization — Slight  further  impro7'ement  under  gah*anizaHon  of 
sympathetic. 

Case  23. — In  regard  to  the  pathology  of  Addison's  Disease,  our  knowledge 
is  very  incomplete.  In  a  large  proportion  of  cases  the  bronzing  of  the  skin, 
and  the  peculiar  cachectic  condition  of  the  affection,  are  preceded  by  organic 
lesion  of  the  supra-renal  capsules. 

Cases  are  not  wanting,  however,  in  which  post-mortem  examinations  have 
revealed  no  anatomical  lesion  of  the  cai>sules,  notwithstanding  the  previous  ex- 
istence of  the  most  marked  and  severe  characteristics  of  Addison's  Disease. 

Dr.  Wilkes  states,  **  That  after  some  years'  attention  to  the  subject,  I  repeat, 
with  much  confidence,  that  the  disease  of  the  capsules  in  Morbus  Addisonii  is 
uniform  and  peculiar.  In  all  the  examples  which  we  have  now  in  our  museum, 
amounting  to  thirty-three,  the  disease  is  of  the  same  nature  in  all."  * 

Of  196  cases  reported  by  Dr.  Greenhow,  the  supra-renal  capsules  were  found 
to  have  undergone  the  characteristic  morbid  change  in  127.+ 

In  consideration,  therefore,  of  these  facts,  it  is  extremely  probable  that  cer- 
tain organic  changes  in  the  capsule  of  the  kidney,  and  the  peculiar  symptoms  of 
the  disease  under  consideration,  are  directly  related  to  each  other  as  cause  and 
effect.  If  the  affection  be  recognized  before  the  bronzing  of  the  skin  has  taken 
place,  it  may  possibly  be  arrested. 

Unfortunately,  however,  it  is,  as  a  rule,  impossible  to  diagnose  the  disease 
before  the  discoloration  of  the  skin  commences,  when  it  is  generally  acknow- 
ledged to  be  incural>Ie. 

In  regard  to  this  bronzed  discoloration  of  the  skin,  microscopical  examma- 
tions,  by  Dalton  and  others,  have  demonstrated  that  it  is  due  to  pigmentary 
granules  in  the  rete  mucosum,  similar  to  those  in  the  skin  of  the  negro. 

The  patient,  a  roan  aged  45,  was  referred  to  us  by  Dr.  H.  H.  Gregory,  of 
Harlem,  and  the  diagnosis  of  disease  of  the  supra-renal  capsules  was  confirmed 
by  Prof.  Austin  Flint. 

Until  November,  1867,  the  patient  enjoyed  perfect  health. 

About  this  time  he  began  to  obsers'e  slight  symptoms  of  exhaustion.  Soon 
his  appetite  faile^l  him.  He  became  anaemic,  and  suffered  from  excessive  fa- 
tigue after  the  slightest  exertion. 

♦Guy's  Hospital  Reports,  vol.  xi.,  1865.  Quoted  from  Aitken's  Practice  of 
Medicine,  vol.  ii.,  pp.  113. 

\  Clymer  in  Aitken's  Practice  of  Medicine,  vol.  ii.,  p.  no. 
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He  was  confined  to  his  bed  during  the  month  of  January,  when  he  first  ob- 
served some  slight  discoloration  of  his  face  and  hands. 

During  the  succeeding  months,  until  August,  1868,  his  general  health  seemed 
to  improve  somewhat,  so  that  he  was  enabled  to  engage  in  moderate  labor.  At 
this  time  he  suddenly  relapsed  into  a  state  of  utter  exhaustion.  His  skin  be- 
came several  shades  darker,  and  his  general  appearance  was  that  of  an  ordinary 
mulatto. 

His  bowels  became  distressingly  constipated.  Sleep  was  fitful  and  unrefresh- 
ing.  His  mouth  and  throat  were  excessively  dry  and  parched ;  indeed,  the 
function  of  the  secretory  organs  generally  was  markedly  impaired. 

The  skin  was  shrivelled  and  dry.  The  finger-nails  were  brittle,  breaking  on 
the  application  of  a  very  slight  force.  The  left  arm  was  stiff  and  almost  power- 
less. It  could  not  be  bent  beyond  a  right  angle,  nor  lifted  more  than  a  few 
inches  from  the  side.  Lastly,  the  sexual  power  and  desire  were  entirely  lost. 
All  of  these  sjmptoms  persisted,  with  but  slight  variation,  notwithstanding 
an  uninterrupted  tonic  treatment,  until  June,  1869,  when  the  case  fell  under 
our  observation.  As  the  most  prominent  and  distressing  symptom  of  which  the 
patient  complained  was  the  excessive  debility  that  unfitted  him  for  the  slightest 
exertion,  the  results  of  treatment  by  general  electrization  illustrate  more  forci- 
bly than  in  most  other  instances  its  remarkable  constitutional  tonic  power.  A 
general  application  of  the  faradic  current  revealc»d  not  only  a  profound  anaes- 
thetic condition  of  the  whole  body,  but  also  an  unusual  general  imjiairment  of 
the  electro-muscular  contractility.  By  placing  the  negative  electrode  at  the  pit 
of  the  stomach,  and  the  positive  on  the  neck,  a  little  above  the  seventh  cervi- 
cal vertebra,  distressing  nausea  was  invariably  produced. 

The  patient  began  to  amend  from  the  first  day  of  treatment,  and,  after  hav- 
ing received  thirty  general  applications  of  the  faradic  current,  his  condition  at 
that  date  may  l)e  thus  summe<l  up: — 

I  St.    He  had  long  l)een  completely  cured  of  his  constipation. 
2d.   Sleep  was  perfectly  sound  and  refreshing. 

3d.   The  dry  and  parched  condition  of  his  mouth  and  throat  was  entirely 
relieved,  and  all  the  secretions  of  the  body  had  increased  in  quantity  and  quality. 
4th.    His  finger-nails  were  restored  to  their  usual  elasticity. 
5th.   He  had  ajiproximately  recovered  the  use  of  his  arm.     This  improve- 
ment was  manifest  after  the  third  a))plication. 

6th.   The  sexual  organs  had  been  very  decidedly  strengthened. 
7th.   Al)ove  all,  his  strength  and  power  of  endurance  had  progressed  with 
the  above  changes.     At  first  he  was  barely  able  to  crawl  a  single  block  ;  he 
could  afterwards  walk  a  couple  of  miles  without  suffering  unpleasant  fatigue, 
and  could  readily  engage  in  any  light  labor. 

8th.  In  regard  to  the  bronzing  of  the  skin,  the  change  was  not,  as  yet,  very 
marke<l.  The  discoloration  seemed  to  be  a  shade  lighter,  and  had  sensibly  re- 
ceded on  the  sides  of  the  fingers  and  hands. 
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We  have  referred  to  the  nausea  excited  by  the  electric  current.  In  view  of 
certain  theories  that  have  been  advanced  concerning  Addison's  Disease,  this 
fact  is  of  considerable  interest. 

The  semi-lunar  ganglion  and  solar  plexus,  and  also  the  pneumogastric  and 
phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  consideration  of  this  fact,  Dr.  Habershon  and  others  are  of  the  "opinion 
that  the  more  fully  the  disease  is  known  the  more  completely  will  it  be  traced 
to  the  sympathetic  nerve."  The  unusual  action  of  even  a  mild  current  on  that 
nerve,  in  producing  nausea,  tends  to  strengthen  this  conclusion. 

This  annoying  symptom  rapidly  became  less  marked  as  the  patient  gained 
strength  under  the  influence  of  electrization,  and  a  most  powerfiil  current  could 
soon  be  applied  without  causing  inconvenience. 

The  patient  was  subsequently  treated  by  galvanization  of  the  symijathetic, 
with  some  further,  though  not  marked,  improvement. 

Chlorosis,  with  hysterical  symptoms — Great  mental  depression — Amenorrktea 
—  Temporary  relief  by  general  electrization. 

Case  24. — Mrs.  S.,  a  young  married  lady  from  Cincinnati,  was  treated  by  us, 
at  the  request  of  Prof.  T.  G.  Thomas,  for  symptoms  partly  chlorotic  and  partly 
hystericaL  The  patient  was  of  the  nervous  diathesis  and  had  never  been  ^rong. 
The  symptom  of  amenorrhoea  of  which  she  had  latterly  complained  had  been 
treated  locally  by  skilful  gynecologists  for  one  year  without  satisfactory  results. 
At  the  time  we  first  saw  the  patient,  February  12th,  1869,  she  was  excessively 
nervous  and  timid  ;  morbidly  apprehensive,  suspicious,  and  exceedingly  sensitive. 
The  utmost  caution  was  needed  in  all  conversation  and  dealings  with  her. 
Scarcely  any  function  was  well  performed.  Appetite  was  feeble  and  capricious, 
sleep  uncertain  and  inconstant.  Her  physical  and  mental  symptoms  combined 
made  her  a  most  trying  patient. 

We  employed  general  faradization,  and  also  internal  tonics  were  adminis- 
tered by  Prof.  Thomas.  As  is  not  unfrequently  the  case  with  patients  of  this 
class,  slie  was  very  susceptible  to  the  sensation  produced  by  the  passage  of  the 
current ;  the  whole  body  was  in  a  condition  of  hypenesthesia.  The  contrac- 
tions produced  in  the  muscles  of  the  leg,  when  the  feet  were  placed  on  the 
pole,  were  so  annoying  to  her  that  it  was  found  necessary  to  vary  the  appli- 
cation. 

At  first,  under  combined  external  and  internal  treatment,  the  patient  seemed 
to  improve.  She  became  calmer,  more  hopeful,  and  was  rather  less  exacting 
and  apprehensive.  The  apparent  improvement  was  not  retained,  either  on  ac- 
count of  some  unpleasant  tidings  that  came  to  her  during  the  treatment,  or 
because  the  applications  were  too  severe  or  too  protracted ;  the  patient  in  the 
latter  part  of  March  began  to  complain  of  sick  headache  of  a  vertiginous 
character,  such  as  she  had  exjxrrienced  in  former  times.  Meantime  the  men- 
strual flow  was  not  much  increased,  although  in  addition  to  the  general  treat- 
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ment  the  current  was  localized  through  the  uterus  just  before  the  time  for  the 
menses. 

The  patient,  fearful  lest  the  electricity  might  be  the  cause  of  her  headaches, 
was  imwilling  to  continue  the  treatment.  Other  treatment  was  also  shortly 
after  abandoned. 

We  were  informed  that  after  her  return  to  the  West  she  im- 
proved very  decidedly  in  her  general  condition.  Such  after- 
improvement  has  been  observed  by  us  in  several  striking  in- 
stances, when  during  the  course  of  the  treatment  but  little  benefit 
was  appreciated. 


CHAPTER  XXI. 

TNSO.\fXIA, 

• 

Insomnia  is  a  symptom  which,  with  greater  or  less  uniformity 
and  severity,  accompanies  nearly  all  forms  of  disease.     It  results 
from  affections  not  only  of  the  brain,  but  also  of  the  spinal  cord, 
and  of  the  prominent  organs,  as  the  stomach,  the  heart,  the  liver, 
and  the  genital  apparatus.     That  persistent  wakefulness  is  a  pre- 
monitory symptom  in  insanity  is  well  known.     It  is  not  so  gener- 
ally known  that  it  is  frequently  premonitory  of  diseases  of  the 
spinal  cord  ;  it  is  one  of  the  symptoms  first  experienced  by  pa- 
tients aflfocted  with  locomotor  ataxy,  spinal  irritation,  and  myeli- 
tis.    Patients  afflicted  with  dyspepsia,  hypochondria,  neuralgia, 
anaemia,  neurasthenia,  as  all  physicians  know,  complain  in  a  large 
number  of  cases  of  insomnia  as  one  of  their  most  distressing 
symptoms.     A  noteworthy  fact  concerning  insomnia  is,  that  it  is 
a  more  constant  symptom  in  the  earlier  stages  of  disease  of  the 
brain  and  spinal  cord  than  in   the   latter   stages  of   incurable 
paralysis.     It  is  one  of  the  most  annoying  features  of  the  decline 
of  old  age.     The  very  great  prevalence  of  insomnia,  and  the  in- 
sufficiency of  the  historic  method  of  treating  it  by  opiates  and 
other   anodynes,   are    shown   by  the  extraordinary  rapidity  with 
which  bromide  of  ])otassium  and  hydrate  of  chloral  have  become 
popularized. 

Insomnia  is  a  symptom  of  such  an  indefinite  variety  and  com- 
plexity of  pathological  conditions  that  it  is  manifestly  impossible 
to  treat  it  with  anything  like  uniform  success  by  any  one  con- 
ceivable form  of  medication  ;  but  of  all  the  remedies  that  have 
yet  been  tried  there  is,  we  believe,  no  one  which  permanently 
relieves  the  symptoms  in  so  large  a  proportion  of  cases  as  elec- 
trization.    The  effects  of  electrization  on  the  sleep,  whether  used 
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in  the  form  of  general  electrization,  galvanization  of  the  head 
and  cervical  sympathetic,  are  both  temporary  and  permanent. 
The  temporary  relief  that  appears  the  night  or  two  following  an  ap- 
plication, though  usually  far  less  potent  than  those  of  bromide  of 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  it  is  for 
the  permanent  relief  that  electrization  is  chiefly  indicated  in  this 
symptom.  This  comes  gradually,  slowly,  and  as  a  result  of  the  im- 
provement of  the  morbid  condition  on  which  the  insomnia  depends. 

As  was  stated  on  page  227,  improvement  in  sleep  is  one  of  the 
earliest  effects  for  which  we  look  during  a  course  of  treatment  by- 
general  electrization.  In  a  wide  range  of  diseases  sleep,  to  a 
ce'-tain  extent  and  with  exceptions,  may  be  regarded  as  a  ther- 
mometer of  health.  When  all  other  bodily  functions  are  well  per- 
formed, the  sleep  is  usually  sound,  calm,  and  refreshing ;  when  it 
becomes  painfully  and  persistently  disturbed  by  dreams,  or  is  long 
absent,  we  may  suspect  actual  or  approaching  disease. 

Temporary  loss  of  sleep,  that  comes  from  temporary  anxiety  or 
from  neuralgia  or  other  pain,  is  usually  relieved  with  the  removal 
of  the  cause,  and  only  demands  special  medical  treatment  when 
it  is  long  continued. 

The  treatment  of  insomnia  is  really  the  treatment  of  all  the 
diseases  on  which  it  depends.  For  those  cases  where  simple 
wakefulness  exists,  unaccompanied  by  any  other  symptom  of  re- 
cognizable disease,  w^e  may  use  either  galvanization  of  the  sympa- 
thetic or  in  the  head,  or  faradization  of  the  head  and  spine,  or, 
better  than  all,  general  faradization,  for  somnolence  is  a  result  of 
all  these  methods  of  electrization.  It  is  not  even  necessary  to 
make  the  applications  to  the  head,  the  sympathetic,  or  even  to 
the  spine,  in  order  to  produce  sleep.  Simple  peripheral  galvani- 
zation or  faradization  will  produce  this  result,  and  in  some  cases 
to  a  very  marked  degree.  This  must,  we  suppose,  be  explained 
by  reflex  action.  In  case  of  rheumatism  of  the  hip-joint,  which 
we  once  treated  by  galvanization  through  the  joint,  the  soporific 
effect  on  the  patient  was  so  marked  that  he  fell  into  a  profound 
slumber  before  we  had  time  to  leave  the  house,  in  less  than  ten 
minutes  after  the  application  was  over.  In  another  case  of  in- 
fantile paralysis  the  mother  reported  that  the  child  slept  soundly 
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for  two  hours  or  more  after  each  sitting,  although  only  the  lioibs 
were  galvanized. 

For  the  rationale  of  the  effect  of  electrization  in  the  productioii 
of  sleep  we  may  refer  to  the  chapter  on  galvanization  of  the 
Sympathetic. 

To  detail  cases  of  insomnia  treated  by  electrization  would  seem 
to  be  superfluous,  since  a  majority  of  the  cases  of  nervous  dis- 
eases recorded  throughout  the  book  were  more  or  less  complicated 
with  disturbance  of  sleep,  and  in  nearly  all  the  successful  xesults 
improvement  in  sleep  was  an  early  and  marked  feature. 

Of  1 8  cases  that  we  have  registered  under  insomnia — 

7  recovered  entirely. 
2         "         approximately. 
4  were  decidedly  benefited. 
2     "    slightly  benefited. 

1  not  benefited. 

2  results  not  known. 

Persistent  insomnia  after  child-birth — An  application  of  the  faradic  current 
to  the  head  and  spine  is  followed  by  sleep  of  several  hours. 

Case  25.— Mrs.  A.,  aged  30,  of  a  highly  nervous  organization,  gave  birth 
to  her  first  child  after  a  labor  of  16  hours.  So  great  was  the  disorder  of  her 
nervous  system,  that  for  5  days  and  nights  she  was  unable  to  close  her  eyes  in 
sleep.  Her  condition  was  most  distressing,  and  resisted  all  efforts  in  the  way 
of  medication. 

It  was  agreed  that  a  mild  application  of  the  faradic  current  should  be 
applied  to  the  head  and  down  the  spine.  The  result  was  most  decided  and 
gratifying,  since  a  sleep  of  several  hours,  deep  and  refreshing,  inmiediately 
followed.  It  is  proper  to  say  that  subsequent  applications  did  not  have  the 
same  decided  effect,  although  they  evidently  strengthened  the  nervous  system 
of  the  patient  and  greatly  aided  in  dissipating  the  condition  of  insomnia. 


CHAPTER  XXII. 
NEURALGIA. 

When,  in  any  disease,  the  pain  follows  the  course  of  any 
particular  or  prominent  nerve-branch,  it  receives  the  name 
neuralgia.  The  name  has  also  been  extended  to  include  pain  in 
the  head  and  spinal  cord.  The  pains  of  the  affection  are  usually 
quite  sudden  in  their  onset,  and  are  of  a  lancinating,  stabbing, 
darting,  or  burning  character.  They  are  more  or  less  intermit- 
tent, and  are  not  ordinarily  accompanied  by  any  constitutional 
febrile  disturbance. 

Neuralgia  has  usually  been  classified  according  to  the  locality 
of  the  pain,  and  corresponding  special  names  are  given  to  it. 
Thus  we  have  facial,  brachial,  intercostal,  and  abdominal  neural- 
gia; gastralgia,  sciatica,  &c.  This  method  of  classification, 
though  convenient,  and  to  a  certain  extent  indispensable,  is  yet 
hardly  satisfactory.  It  grew  up  in  the  times  of  professional 
ignorance,  and  therefore  gives  no  idea  of  the  special  nature  of 
the  affection,  and  can  be  no  guide  in  the  prognosis  or  therapeu- 
tics. The  method  of  classification  of  the  neuralgias  that  we 
adopt  is  based  on  the  local  or  general  condition  in  which  they  take 
their  origin. 

All  conceivable  forms  and  phases  of  this  affection  may  be 
included  under  one  or  the  other  of  these  four  grand  divisions  : — 

I  St.  Constitutional  Neuralgias. — ^Those  which  arise  from 
constitutional  conditions :  anemia,  neurasthenia  (nervous  ex- 
haustion), poisoning  by  minerals  and  various  diseases,  as 
syphilis,  mercury,  lead,  rheumatism,  gout. 

2d.  Central  Neuralgias, — ^Those  which  arise  from  disease  of 
the  central  nervous  system  :  irritation,  inflammation,  congestion 
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of  the  brain   and  spinal  cord,  also  tumors,  pressure  of  foreign 
substances,  &c. 

3d.  Peripheral  Neuralgias. — Those  which  arise  from  local 
diseases  of,  injury  to,  or  pressure  on,  the  nerve :  neuritis, 
neuroma,  aneurisms,  wounds,  bruises,  &c. 

4th.  Reflex  Neuralgias. — Those  which  arise  from  reflex 
action.  This  class  embraces  a  large  number  of  neuralgias  that 
attack  all  portions  of  the  body. 

Complicated  cases  occur  that  may  properly  belong  to  two  or 
more  of  these  divisions.  A  patient  afflicted  with  anaemia  may  suf- 
fer from  neuralgia  that  may  be  aggravated  by  neuritis,  or  by  a 
wound  or  bruise.  A  curable  case  of  neuralgia  of  malarial  origin 
may  be  rendered  incurable  by  the  supervention  of  organic  disease 
of  the  brain  or  spinal  cord. 

Of  these  four  varieties,  the  first  two  are  the  more,  and  the  last 
two  the  least  numerous.  Probably,  as  our  diagnosis  becomes 
more  and  more  refined  and  exact,  it  will  be  found  that  a  very 
large  proportion  of  our  neuralgias  are  of  central  origin. 

Electro-diagnosis  in  neuralgia  discovers  the  painful  spots  that 
are  detected  by  pressure  in  the  course  of  the  affected  nerve,  and 
may  also  discover  sensitive  points  on  the  spine,  or  the  head,  or  on 
the  cervical  sympathetic,  that  might,  perhaps,  have  otherwise  es- 
caped observation.  Electric  examination  assists  us  in  determin- 
ing the  very  important  point  whether  the  disease  is  or  is  not  of 
central  origin.  In  no  other  disease  is  the  diagnosis  of  the  seat 
of  the  disease  so  important. 

Treatment. — Before  attempting  the  electric  treatment  of  neu- 
ralgia, we  should  endeavor  to  diagnose  its  general  character,  in 
order  to  decide  upon  the  method  to  be  employed.  In  doubtful 
cases  it  is  necessary  to  try  in  succession  central,  peripheral,  and 

general  treatment. 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  best 

test  of  skill  in  electro-therapeutics.  There  is  no  disease  or  symp- 
tom in  which  the  results  of  treatment  in  different  cases  so  closely 
depend  on  the  nature  and  strength  of  the  current  used,  and  the 
method  and  frequency  of  the  applications. 

Cases  that  injudicious  treatment  might  aggravate  may,  by  the 
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exercise  of  the  skill  and  caution  that  experience  teach,  be  rapidly 
cured. 

The  success  achieved  by  electrization  in  the  treatment  of  neural- 
gia has  been  brilliant  and  remarkable,  and  would  be  sufficient  of  it- 
self to  entitle  it  to  a  prominent  and  indispensable  position  among 
modern  remedies.  What  is  more  remarkable  still,  is  that  this 
success  has  been  achieved  by  very  diverse  methods  of  applica- 
tions, and  with  imperfect,  indifferent,  or  incorrect  diagnoses.  All 
forms  of  electricity — statical,  galvanic,  and  faradic — in  all  the  dif- 
ferent methods  and  phases  of  electrization,  general  and  localized, 
centrally  and  peripherally,  by  currents,  stable,  labile,  continu- 
ous, interrupted,  uniform,  and  increasing. 

The  pain  is  fre(iuently  relieved  in  the  midst  of  the  application ; 
but  in  such  cases  it  usually  returns  in  the  course  of  a  few  hours, 
and  sometimes  with  heightened  intensity.  Some  cases  of  a  peri- 
pheral character  are  permanently  dispelled  by  one  or  two  appli- 
cations. 

Electricity  is  applied  for  neuralgia  in  the  following  forms  : — 

General  faradization  and  galvanization^  and  galvano-faradiza- 
tion. 

Localized  faradization  or  galvanization^  central  or  peripheral^ 
or  both  combined. 

Galvanization  of  the  sympathetic. 

Electric  brush. 

Electric  moxa. 

Statical  electricity. 

Electric  bands  and  disks. 

The  magnet. 

The  question  which  of  these  methods  is  to  be  preferred  is  to  be 
answered  by  a  study  of  the  causation,  symptoms,  and  pathology  of 
each  case. 

It  is  indispensable,  therefore,  in  the  scientific  treatment  of  neu- 
ralgia, at  the  outset  to  determine,  so  far  as  possible,  the  nature 
of  the  affection,  whether  constitutional,  central,  peripheral,  or 
reflex. 

Many  of  the  failures  and  disappointments  with  the  use  of 
electricity  in  neuralgia  have  been  due  to  the  mistake  of  treating 
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constUutional  disease  locally^  and  the  central  varieties  peripheri" 
cally.  Failures  there  have  been,  and  must  be,  so  long  as  there 
exist  incurable  pathological  conditions  giving  rise  to  neural- 
gic pains ;  but  the  cases  of  neuralgia,  taking  them  as  tfaey  run, 
without  reference  to  their  pathology  or  causation,  that  remain  ob- 
stinately rebellious  to  electrization,  are  a  very  small  minority^  and 
are  chiefly  found  among  those  depending  on  incurable  disease  of 
the  brain  or  spinal  cord. 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by 
electrization,  and  that  is  that,  on  account  of  the  intensity  of 
the  pain,  patients  are  sometimes  unwilling  to  give  the  treatment 
a  fair  trial.  This  difficulty  is  further  increased  by  the  fact  that, 
during  or  after  the  first  two  or  three  applications,  the  pain  may  be 
temporarily  aggravated^  especially  if  the  sittings  have  been  long, 
or  with  currents  of  too  great  strength.  For  this  reason  the  initial 
applications  should  be  made  with  caution,  and  the  operator 
should  not  yield  to  the  temptation  to  renew  them  too  frequently. 
Once  a  day,  or  every  other  day,  is  about  as  often  as  applications 
can  be  made  with  benefit. 

As  before  remarked,  the  methods  of  applying  electricity  must 
be  studiously  adapted  and  varied  to  each  case,  ever  keeping  in 
mind  that  all  methods  of  using  electricity  have  been  successful  in 
this  disease^  and  thai  no  one  method  is  uniformly  successful  even 
in  the  same  variety. 

Besides  the  central  and  general  electrization,  which  is  to  be 
conducted  on  general  principles,  in  order  to  affect  the  seat  of  the 
disease^  all  the  varieties  of  neuralgia  may  demand  more  or  less 
treatment  in  the  seat  of  the  pain.  For  this  purpose  we  may  use 
either  faradic  or  galvanic  currents.  Although  the  faradic  achieves 
excellent  results,  yet  some  of  the  most  striking  results  have  been 
obtained  by  the  galvanic.  It  sometimes  relieves  the  pain  when  the 
faradic  only  aggravates  it.*  After  the  faradic  current  has  been  tried 
a  few  times  without  effect,  we  should  never  abandon  the  case  with- 

♦  The  statement  of  Niemeyer,  that  the  faradic  current  never  succeeds  in  neu- 
ralgia after  the  galvanic  fails,  Is  not  entirely  true.  We  have  seen  two  or  three 
cases  where  relief  was  obtained  by  faradization,  after  galvanization  had  at  least 
apparently  failed. 
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out  resorting  to  the  galvanic,  or  the  two  currents  may  be  used 
alternately.  As  a  rule,  the  applications  should  be  short  and 
made  with  a  mild  current ;  but  this  rule  has  marked  exceptions. 
There  appears  to  be  no  special  law  in  regard-  to  the  direction  of  the 
current.  Either  the  positive  or  the  negative  pole  may  be  placed 
over  the  painful  points,  while  the  other  pole  is  applied  near  or  on 
the  nerve  centre  (see  p.  165).  Thus,  in  neuralgia  of  the  arms, 
one  pole  may  be  placed  at  the  cilio-spinal  centre,  and  in  neuralgia 
of  the  legs,  on  the  lumbar  vertebrae,  and  the  other  on  the  affected 
nerve  (spinal -cord-nerve  current.) 

The  electric  moxa  (see  p.  160)  is  sometimes  more  rapidly  effica- 
cious in  neuralgia  than  any  other  method  of  treatment.  It  is,  how- 
ever, a  very  painful  procedure,  and  many  patients  will  not  bear  it. 

It  seems  to  act  partly  as  a  counter-irritant.  Meyer*  very 
strongly  advocates  the  use  of  electric  moxa  in  neuralgia,  and  sus- 
tains his  position  by  a  number  of  cases. 

Prognosis. — The  prognosis  in  neuralgia,  under  electrical  treat- 
ment, manifestly  depends  on  the  pathology.  If  the  case  is  in- 
curable, the  pain  will  not  be  permanently  relieved.  Cases  of  a 
central  origin  do  not  necessarily  offer  a  worse  prognosis  than 
those  of  a  peripheral  origin.  More  depends  on  the  nature  than 
on  the  seat  of  the  lesion.  Colistitutional  cases,  where  the  poison 
is  not  definitely  localized,  almost  invariably  yield  to  general  fara- 
dization. Simple  facial  neuralgia  recovers  speedily  under  judi- 
cious electrical  treatment,  while  epileptiform  neuralgia  yielded 
only  in  the  minority  of  cases. 

Take  the  cases  as  they  arise,  without  reference  to  their  pathol- 
ogy or  duration,  neuralgia  offers  a  very  favorable  prognosis.  The 
majority  of  cases  will  be  cured  or  permanently  improved.  Of  70 
cases  of  neuralgia  of  all  kinds  that  we  have  treated,  30  recovered, 
10  approximately  recovered,  9  were  decidedly  benefited,  7  were 
slightly  benefited,  5  were  not  benefited ;  in  3  cases  the  symp- 
toms were  aggravated,  and  in  5  cases  the  results  were  not  known. 

CONSTITUTIONAL   NEURALGIA. 

The  constitutional  conditions  that  are  most  frequently  the  causes 

*  Op.  cit.,  p.  308,  ct  seq. 
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of  this  form  of  neuralgia  are  unquestionably  anaemia  and  neuras- 
thenia, or  what  is  commonly  known  as  nervous  exhaustion,  inas- 
much as  these  conditions  are  themselves  very  frequently  the  results 
of  poisoning  of  the  system  by  mercury,  lead,  opium,  alcohol,  mala- 
ria, rheumatism,  gout,  etc.  It  is  in  every  way  probable  that  min- 
eral poisons,  like  syi>hilis,  etc.,  may  produce  lesions  of  the  nerve- 
centre,  and  thus  give  rise  to  central  neuralgia. 

Treatment. — Constitutional  neuralgia  calls  for  general  electri- 
zation. 

The  prognosis  for  the  majority  of  cases  is  favorable.  Relap- 
ses sometimes  occur,  especially  in  cases  dependent  on  mineral  or 
malarial  poisons. 

Paroxysmal  attacks  of  a  most  distressing  general  neuralgia^  associated  with 
menorrhagia  ami  antrsthesia^  treated  by  general  faradization —  Reawery, 

Case  26.  —A  lady  whom  we  treated  presented  symptoms  typically  descript- 
ive of  the  al>ove  condition.  Her  age  was  about  30 ;  married,  but  childless*  She 
harl  <>uffcrcd  from  several  miscarriages,  and  liad  been  treated  for  a  long  time  for 
ulceration  of  the  neck  of  the  uterus  that  finally  yielded  to  local  applications. 
Up  to  her  twenty-fifth  year  she  had  enjoyed  a  good  degree  of  health ;  but  after 
her  first  miscarriage  she  began  to  suffer  from  prolonged  menstniation,  attended 
with  an  exce>sive  flow.  This  condition  had  existed  but  a  few  months  when  the 
patient  l)egan  to  cx))erience  certam  wandering  pains  over  the  Ixxly,  that  became 
more  marked  at  each  return  of  the  catamcnia,  until  the  paroxysms  assumed  a 
most  distressing  character.  They  were  usually  ushered  in  by  tenderness  and  a 
sensation  of  oppression  in  the  epigastric  region.  Throughout  the  whole  attack 
the  most  acute  jvain  would  be  felt  over  the  stomach,  and  was  attended  by  vomit- 
ing. Most  of  the  body  was,  however,  to  a  greater  or  less  extent,  affected  by 
the  disorder.  The  head  became  tender  to  the  touch,  the  eyes  intolerant  to 
light,  and  the  tongue  and  mucous  surfaces  of  the  check  would  be  affected  by  a 
ver)'  annoying  sensatit)n  of  numbness.  Several  times  a  year  she  was  prostrated 
by  symptonis  that  were  very  sudden  in  their  onset,  and  exceedingly  alarming  in 
character.  The  pulse,  almost  without  warning,  would  fall  to  40  or  45  in  the 
minute,  and  become  so  feeble  as  to  be  hardly  percej)tible.  The  power  of  arti- 
culation left  her,  the  anaesthesia  of  the  mouth  and  tongue  became  complete,  and 
her  face  assumed  a  deadly  color  and  coldness.  These  attacks  lasted  from  twenty 
minutes  to  half  an  hour,  and  were  treat e< I  by  the  free  use  of  brandy  and  carb. 
of  ammonia.  An  ap])lication  of  general  faradization,  given  one  evening  during 
one  of  her  jHrriodical  monthly  paroxysms,  so  relieved  the  distress  that  a  quiet 
night  was  the  result.  It  may  be  here  stated  that  it  was  impossible  for  the 
patient  to  take  opium  in  any  form  with  benefit.    Exceedingly  small  doses  caused 
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sleeplessness  and  the  most  intense  excitement.  Invariably  after  this  we  found 
that  a  similar  application  would  greatly  alleviate  the  pain.  The  main  idea, 
however,  was  to  strengthen  the  general  system,  and  so  prevent  these  attacks. 
For  this  purpose,  on  every  other  day  she  was  treated  thoroughly  by  general 
electrization,  and  it  was  not  long  before  its  good  effects  were  manifest.  In  the 
course  of  a  few  weeks  her  powers  of  endurance  had  increased  considerably ;  and 
when  the  menses  appeared  they  were  of  shorter  duration,  and  attended  with  a 
much  less  loss  of  blood  than  before.  The  neuralgic  pains  were  incomparably 
less  severe ;  and  she  rallied  to  her  usual  condition  immediately.  After  remain- 
ing under  treatment  several  months  she  was  discharged  as  cured.  Two  years 
have  elapsed  since  treatment  was  discontinued,  but  she  has  never  suffered  since 
from  those  occasional  attacks  of  which  mention  was  made.  Her  menses  conti- 
nue regular  and  normal ;  and  it  is  only  after  great  provocation  that  she  ever 
experiences  paroxysms  like  those  of  former  days. 

Formerly,  according  to  our  older  authorities,  neuralgia  of  a 
malarial  origin  was  not  unfrequent ;  but  of  later  years,  as  civili- 
zation has  advanced  and  our  system  of  drainage  improved, 
especially  in  our  Northern  States,  this  cause  has  played  a  much 
less  important  part  in  the  development  of  neuralgic  pains. 

When  one  is  attacked  with  a  persistent  neuralgia  that  occurs  in  paroxysms, 
quotidian  or  tertian,  and  finally  yields  only  to  quinine,  or  quinine  and  iron,  we 
naturally  conclude  (even  though  the  district  to  appearances  be  not  a  malarious 
one)  that  a  malarial  influence  is  at  the  root  of  the  difficulty.  Neuralgias  that 
follow  mere  cold  and  damp  are  of  every-day  occurrence,  and  are  speedily  dissi- 
pated by  confinement  within  doors,  or  by  some  simple  local  application.  No 
specific  poison  has  entered  the  system,  and  no  specific  treatment  is  needed. 

The  influences  of  malaria  seem  to  be  specially  directed  towards  the  nervous 
system,  and  thereby  may  generate  a  large  variety  of  disorders.  Neuralgia  is 
undoubtedly  at  times  one  of  its  most  distressing  manifestations. 

As  malaria  exercises  a  remarkably  depressing  effect  upon  the  cerebro-spinal 
and  sympathetic  systems,  we  can  readily  account  for  the  severity  of  the  neural- 
gic pains  to  which  it  gives  rise. 

Intercostal  neuralgia  of  a  malarial  origin — Recovery  under  general  faradi- 
zation. 

Case  27. — A  young  man,  who  had  been  exposed  to  the  hardships  and  dangers 
of  a  frontier  life,  was  suffering  from  distressing  pains  that  were  confined  mainly 
to  the  thoracic  region  on  either  side.  Several  months  before  we  saw  him,  he 
was  prostrated  by  an  attack  of  intermittent  fever  that  recurred  several  times 
after  being  apparently  subdued. 

One  of  the  paroxysms  was  followed  by  what  his  attendant  called  *  *brow  ague ' ' 
— a  term  not  unfamiliar  some  years  ago  to  the  residents  of  malarial  districts. 
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It  was  characterized  by  sharp  shootmg  pams  all  over  the  head  and  face, 
aflecting,  however,  especially  the  forehead  and  eyes.  The  neuralgic  symptoms 
soon  abandoned  these  parts,  but  in  a  few  days  manifested  themselves  by  an 
unusually  severe  paroxysm  in  the  chest  and  side.  For  a  number  of  months 
before  he  fell  under  our  notice,  attacks  of  intercostal  neuralgia  oocnrred  at 
intervals  of  two  or  three  days. 

The  patient  exp>erienced  no  distinct  chills  or  marked  febrile  excitement,  bot 
the  neuralgia  was  almost  invariably  ushered  in  by  a  creeping  sensation  of  cold 
down  the  back  and  limbs.  The  exciting  cause  was  undoubtedly  a  malarial 
poison.  The  diagnosis  of  neuralgia  was  unmistakably  confirmed  by  the  pres- 
ence of  that  almost  pathognomonic  symptom,  namely,  pain  on  pressure  over 
the  spinous  process  of  one  of  the  last  dorsal  vertebrae.  A  gradual  improvement 
took  place  under  frequent  general  applications  of  the  faradic  current.  Quinine 
was  administered  at  the  same  time,  so  that  we  cannot  state  in  positive  terms 
the  exact  amount  of  credit  due  electrization.  It  must  be  remembered,  how- 
ever, that  quinine  had  been  taken  for  some  time  previously,  and  was  followed 
by  no  very  marked  results.  The  first  application,  administered  during  a  parox- 
ysm of  ordinary  severity,  was  followed  by  a  very  grateful  amelioration  of  the 
pain,  and  in  all  subsequent  attacks  the  same  result  followed. 

Ten  applications  served  to  break  the  periodicity  of  the  attacks,  and  to  place 
him  oil  a  plane  so  little  below  the  normal,  that  it  could  be  fairly  said  of  him 
that  he  was  approximately  cured. 

Intercostal  neuralgia^  resulting  from  exposure  to  camp  life — Spinai  Ir^ 
ri tat  ion — Debility^  Rapid  improvement  and  recovery  under  general  fara* 
dization. 

Case  28. — L.  C,  aged  28,  served  in  a  Nevada  regiment  for  three  years  during 
the  war.  After  his  discharge,  in  the  fall  of  186$,  he  was  taken  with  acute  articu  - 
lar  rheumatism,  which  confined  him  to  a  hospital  during  the  whole  winter.  The 
spring  found  him  much  better,  and  in  a  few  months  there  seemed  to  be  no 
vestige  of  the  rheumatism  remaining  His  health  remained  delicate.  In 
July,  1866,  he  was  taken  with  severe  pains  in  the  back  and  side.  He  was 
treated  by  localized  faradization  a  few  times,  but  with  no  appreciable  benefit. 
The  neuralgia  increased  in  severity,  locating  itself  between  the  ribs.  In  Janu- 
ary, 1867,  he  applied  to  us  for  treatment.  He  was  then  extremely  weak,  and 
presented  a  remarkably  anaemic  appearance.  There  was  very  great  hyperaesthe- 
sia  over  the  peripheral  expansion  of  the  affected  nerves.  Slight  irritation  by 
the  finger-nail,  or  moderate  pressure  by  the  hand,  was  sufficient  to  cause  con- 
siderable pain.  On  account  of  this  extreme  sensibility  he  was  obliged  to 
substitute  for  the  coarse  red  flannel  which  he  had  been  accustomed  to  wear,  an 
undershirt  of  finer  texture.  Pressure  made  upon  the  first  spinous  processes  of 
the  dorsal  vertebra;  caused  no  uneasiness,  but  when  the  sixth  and  seventh 
processes  were  firmly  pressed,  the  patient  loudly  complained.     We  gave  liim  a 


Cases  of  Qmstitutional  Neuralgia,  337 

general  application,  as  is  our  custom  in  such  cases  The  whole  system  was 
brought  powerfully  under  the  influence  of  the  faradic  current.  The  applica- 
tion at  once  relieved  him,  and  in  three  days  he  was  directed  to  come  again. 
During  that  time  he  suffered  much  less  than  usual ;  his  appetite  had  improved, 
and  for  the  first  thirty-six  hours  he  was  much  invigorated.  He  visited  us  for 
one  month,  during  which  time  he  received  ten  general  applications.  The  im- 
provement was  uninterrupted  from  the  bqjinning. 

After  the  fourth  application  he  suffered  no  more  from  the  neuralgia.  The 
color  returned  to  his  cheek  ;  his  appetite  became  more  vigorous  from  week  to 
week,  and,  when  he  discontinued  treatment,  we  regarded  him  as  compara- 
tively well. 

This  case  called  for  a  powerful  constitutional  tonic.  Hard- 
ships in  the  army  and  previous  disease  had  reduced  his  stock  of 
vitality  to  such  a  degree  that  our  ordinary  internal  tonics  failed 
to  produce  their  accustomed  results.  His  nervous  system  had 
been  so  shaken,  and  all  his  functions  so  disturbed,  that  he.  could 
not  assimilate  the  iron  and  bitters  that  were  so  much  needed. 
It  is  in  such  cases  that  general  electrization  achieves  most 
satisfactory  results. 

Neuralgia  of  eighteen  months'  standings  affecting  the  headj  thorax,  and  left 
arniy  and  following  a  sez'ere  attack  of  intermittent  fever — Treatment  by 
general  faradization — Approximate  recovery  in  seven  weeks — Increase  of 
appetite  and  weight — Subsequent  relapse. 

Case  29. — Mrs.  W.,  a  married  lady,  27  years  of  age,  reported  that  eighteen 
months  previously  she  was  prostrated  with  an  attack  of  intermittent  fever  that 
left  her  in  a  very  weak,  anaemic,  and  neuralgic  condition,  from  which  no  combi- 
nation of  internal  tonics  seemed  to  enable  her  to  rally.  Her  symptoms  were 
intense  neuralgic  pains  in  the  front  and  back  part  of  the  heatl,  over  the  ribs  on 
both  sides  and  in  the  left  arm.  Whole  nights  she  had  passed  without  sleep, 
and,  as  a  natural  and  inevitable  consequence,  her  appetite  was  weak  and  capri- 
cious, and  her  Iwwels  irr«^Iar.  Her  left  arm  was  not  only  exceedingly  pain- 
ful, but  it  was  also  so  much  affected  with  functional  or  reflex  paralysis,  that 
she  could  not  raise  it  from  her  side.  She  experienced  temporary  relief  imme- 
diately after  the  first  sAince,  but  the  pain  returned  on  the  following  day. 

After  the  fifth  applicatiim  there  began  to  be  evidence  of  improvement  in  her 
general  condition,  though  her  neuralgic  symptoms  were  but  temporarily  abated, 
and  her  left  arm  seemed  to  1>e  as  powerless  as  before.  After  she  had  been 
under  treatment  for  about  three  weeks,  she  was  attacked  in  the  night  with  such 
a  severe  paroxysm  of  neuralgia  of  the  uterus,  that  her  friends  became  greatly 
alarmed.     Treatment  by  general  electrization  was  renewed,  and  her  improve- 
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ment  was  very  rapid.  The  neuralgia  of  tlie  left  arm  began  to  yield,  and  with 
it  the  temix)rar)'  paralysis. 

Her  appetite  became  almost  ravenous,  and  her  rest  at  night  was  veiy  com- 
fortable and  sometimes  unbroken.  Her  face  \{z&  fuller  and  she  increased  in 
weight. 

The  treatment  was  extended  over  a  period  of  seven  weeks.  Her  menses 
appeared  twice  during  that  time,  and  were  comparatively  painlessw  After  the 
treatment  was  diyconiinued,  slie  still  further  impro>'ed,  with  only  occasional 
slight  relapses  of  fjain.  In  regard  to  this  and  a  number  of  very  similar  cases 
treated  by  general  electrization  it  may  be  remarked  that  the  special  symptoms- 
neuralgia,  headache,  constipation,  etc., — weie  dependent  on  general  feebleness, 
and  that  these  special  symptoms  did  not  ameliorate  or  depart  until  the  general 
system  Ijegan  to  be  strengthened.  In  a  word,  the  cure  was  wrought  by  the 
tonic  effects  of  general  electrization. 

In  the  course  of  the  following  year  the  patient  relapsed,  under 
a  combination  of  unfavorable  influences,  and  was  taken  to  a  hos- 
pital. 

General  neuralgia  of  five  yeari  standings  associated  with  gt^^  debiiiiy^ 
menorrhagia^  and  distressing  anasthesia — Treatment  by  general  fara' 
dization — Approxiniatc  recoi'ery. 

Case  3a — Mrs.  S.,  a  married  lady,  aged  thirty,  had  suffered  from  several 
miscarriages,  and  had  been  treated  for  a  long  time  for  ulceration  of  the  neck 
of  the  uterus,  that  finally  yieldetl  to  local  applications. 

yp  to  her  twenty-fifth  year,  she  had  enjoyed  a  good  degree  of  health  ;  but 
after  her  first  miscarriage  she  began  to  suffer  from  prolonged  menstruation, 
attended  with  an  excessive  flow.  This  state  of  things  had  existed  but  a  few 
months,  when  the  patient  exjxirienced  certain  wandering  pains  over  the  body, 
that  became  more  marke^l  at  each  return  of  the  catamenia,  until  the  paroxysms 
assumed  a  most  distressing  character.  They  were  usually  ushered  in  by  ten- 
derness and  a  sensation  of  opjjression  in  the  epigastric  region.  Throughout  the 
whole  attack  the  most  acute  pain  would  be  felt  over  the  stomach,  and  was  at- 
tended with  vomiting.  Most  of  the  body  7Viis,  however ^  to  a  greater  or  less 
extent^  affected  by  the  disorder.  The  head  became  tender  to  the  touch,  the 
eyes  intolerant  to  light,  and  the  tongue  and  mucous  surfaces  of  the  cheek  would 
be  affected  by  a  very  annoying  sensation  of  numbness.  Several  times  a  year 
she  was  prostrated  by  symptoms  that  were  very  sudden  in  their  onset,  and 
exceedingly  alarming  in  character.  The  pulse  would  fall  to  forty-five  or  fifty 
in  the  minute,  almost  without  warning,  and  become  so  feeble  as  to  be  hardly 
perceptible.  The  power  of  articulation  left  her,  the  aiijisthe^ia  of  the  mouth 
and  tongue  became  complete,  and  the  face  assumed  a  most  deadly  color  and 
coldness. 


Centra!  Neuralgia.  339 

These  attacks  lasted  from  twenty  minutes  to  half  an  hour,  and  were  treated 
by  the  free  use  of  brandy  and  carb.  of  ammonia. 

An  application  of  the  faradic  current,  given  one  evening  during  a  periodical 
monthly  paroxysm,  so  relieved  the  distress  that  a  quiet  night  was  the  result. 
After  this  we  found  that  a  similar  application  would  invariably  relieve  the  pain. 
The  main  idea,  however,  was  to  strengthen  the  general  system  and  so  prevent 
these  attacks.  For  this  purpose,  she  was  treated  thoroughly  by  general  elec- 
trization on  every  other  day. 

In  the  course  of  a  few  weeks  her  power  of  endurance  had  increased  consider- 
ably, and,  when  the  menses  appeared,  they  were  of  shorter  duration,  and  at- 
tended with  a  much  less  loss  of  blood  than  before.  The  neuralgic  pains  were 
incomparably  less  severe,  and  she  rallied  to  her  usual  condition  immediately 
after  the  attack.  After  remaining  under  treatment  several  months,  she  was 
discharged  as  approximately  cured.  More  than  a  year  has  elapsed  since  treat- 
ment was  discontinued,  but  she  has  not  suffered  from  another  of  these  occasion- 
al prostrating  attacks  of  which  mention  was  made.  Her  menses  continue 
regular  and  noimal,  and  it  is  only  after  great  provocation  that  she  ever  experi- 
ences paroxysms  approximating  in  severity  to  those  of  former  days. 

It  is  unquestionable  that  many  of  the  cases  of  neuralgia  that 
have  been  regarded  as  constitutional,  are  really  of  central  char- 
acter. 

In  proportion  as  our  diagnosis  becomes  exact,  in  that  pro- 
portion will  the  class  of  central  neuralgias  increase,  and  that  of 
constitutional  diminish.  The  locality  of  the  pain  may  be  at  the 
most  distant  point  possible  from  the  locality  of  the  disease.  It  is 
probable  that  the  neuralgic  pains  in  the  limbs  that  are  premonitory 
of  locomotor  ataxy,  myelitis,  spinal  irritation,  etc.,  have  often 
been  classed  as  constitutional. 

CENTRAL   NEURALGIA. 

Central  neuralgias  may  be  subdivided  into  two  classes  : 

1.  Those  where  both  the  disease  and  the  fain  are  central. 
Under  this  head  are  included  cephalalgia,  variously  known  as  head- 
ache, migraine,  hemicrania ;  and  pain  in  the  spinal  cord,  known  as 
spinal  irritation,  or  spinal  neuralgia. 

2.  TTiose  where  the  disease  is  central,  though  the  pain  is  periphe- 
ral. This  subdivision  is  larger  and  more  imj>ortant  than  is  gen- 
erally supposed.  Very  many  cases  of  facial,  cer\'ico-brachial,  bra- 
chial, intercostal,  and  sciatic  neuralgia,  as  well  as  gastralgia,  and 
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neuralgia  of  the  abdomen  and  lower  limbs,  are  of  a  central  origin, 
and  should  be  treated  accordingly. 

The  diagnosis  of  central  neuralgias,  in  which  the  pain  is  periphe- 
ral, is  a  matter  of  very  great  importance  in  the  prognosis  and  the- 
rapeutics. 

The  characteristic  features  of  this  form  of  neuralgia  are  : 

1.  The  momentary  stabbing,  boring,  lancinating  character  of 
the  pain,  that  seems  to  be  felt  in  the  bones.  The  pains  of  loco- 
motor ataxy,  myelitis,  spinal  irritation,  are  usually  of  this  character, 
and  are  usually  more  or  less  fugitive  or  wandering. 

2.  The  "tender  points"  are  usually  painful  only  during  the 
attack  of  pain,  not  as  in  neuritis,  during  the  intervals. 

3.  The  history  of  the  case  frequently  points  to  other  symptoms 
which  indicatejcentral  disease. 

4.  Section  of  the  nerve  affords  only  temporary  relief.  The 
failures  that  have  resulted  from  section  of  the  fifth  pair  in  tic  dou- 
loureux are  due  to  the  fact  that  the  disease  is  usually  of  a  central 
character.* 

CepJialalgia  {^Headache — Cerebral  Irritation, ) — Headache,  in  its 
different  types,  is  a  form  of  central  neuralgia  that  is  always  exceed- 
ingly frequent  among  all  classes  where  the  nervous  diathesis  prevails. 
Its  types  are  manifold.  The  brain,  in  reference  to  pain,  is  very 
largely  a  vicarious  organ,  since  it  suffers  for  the  sins  of  all  the  rest 
of  the  body.  Not  only  all  diseases  of  the  brain  itself,  but  also  all 
derangements  of  the  viscera,  of  the  genital  organs,  may  give  rise  to 
some  type  of  headache.  Poisons  in  the  blood,  whether  of  drugs 
or  of  toxic  disease,  and  all  depraved  and  exhaustive  conditions  of 
the  blood  or  of  the  nervous  system,  may  have  headache  for  a 
symptom.  Headache — using  the  term  in  its  widest  sense — may 
therefore,  be  a  symptom  of  almost  any  conceivable  form  of  con- 
stitutional or  local  disease. 

The  term  cerebral  irritation  might,  perhaps,  be  as  truly  applied 
to  headache,  in  very  many  of  its  types,  certainly  as  spinal  irritation 
to  a  recognized  morbid  condition  of  the  spinal  cord  That  form 
of  headache  which  is  accompanied  by  soreness,  heat,  and  burning 

♦  For  interesting  remarks  on  the  character  of  the  pain  in  neuralgia,  see 
Benedikt,  op.  cit.  p.   104. 
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pain  on  the  top  of  the  head,  or  on  the  temples,  and  by  tenderness  of  the 
scalp,  seems  to  be  quite  analogous  to  spinal  irritation.  It  occurs 
in  the  same  class  of  constitution  as  spinal  irritation — that  is,  the 
nervous  diathesis,  and  is  often  associated  with  it.  It  seems  to  be 
brought  on  by  the  same  exciting  causes,  and  to  be  relieved  by  the 
same  methods  of  treatment  as  spinal  irritation.  The  two  conditions 
often  alternate,  or  they  may  exist  together.  The  pain  in  cere- 
bral irritation  may  be  on  the  brow,  or  on  the  top,  back,  or  sides  of 
the  head.  The  tenderness  of  the  scalp  may  be  either  confined  to 
one  spot  or  extended  over  a  considerable  surface.  This  tender- 
ness is  sometimes  so  excessive  that  a  single  touch  of  the  hair 
causes  distress.  Cerebral  irritation  may  be  accompanied  by 
tenderness  of  the  cervical  sympathetic.  The  feeling  of  heat  and 
burning  on  the  top  of  the  head  cannot  be  regarded  as  necessarily 
symptomatic  of  disorders  of  the  uterus,  as  is  quite  generally  held 
by  the  profession,  since  it  is  by  no  means  confined  to  the  female 
sex.  We  have  observed  a  number  of  typical  examples  of  this 
symptom  in  males. 

Concerning  the  pathology  of  cerebral  irritation  we  are  left  to 
conjecture.  That  there  is  frequently  a  hyperaemic  condition  is 
rendered  probable  by  the  fact  that  the  pain  is  relieved  by  bromide 
of  potassium  and  hydrate  of  chloral,  which  reduce  the  volume  of 
blood  in  the  brain,  and  is  aggravated  by  whatever  influences 
increase  the  amount  of  blood  in  the  brain.  And  yet  we  have  no 
right  to  assume  that  hyperaemia  is  the  usual  condition  in  such 
cases,  since  it  is  just  as  fair  to  suppose  that  molecular  derange- 
ment, or  anaemia,  might  account  for  all  the  symptoms. 

Hemicrania  (Sick-Headache),  {Migraine).  —  This  affection 
comes  on  with  haziness,  dulness,  heaviness,  at  once  undefinable 
and  oppressive.  Its  progress  is  marked  by  derangement  of  all 
the  vital  forces — ^by  general  agony  and  distress,  that  render 
exertion  of  brain  or  muscle  almost  impossible. 

When  accompanied,  as  it  often  is,  by  vomiting,  by  abstinence 
from  food,  and  from  all  exertion,  sick-headache  appears  to  be  as 
much  a  remedial  process,  and  as  necessary  and  beneficial  to  the 
system,  as  a  thunder-storm  to  the  atmosphere. 

The  affection  is  usually  accompanied  by  a  sharp  or  dull  pain 


342  Neuralgia, 

in  the  forehead,  and  especially  through  the  left  eye.  The  general 
depression  that  accompanies  the  attack  seems  to  bear  no  relation 
to  the  severity  of  the  pain  ;  for  ordinary  neuralgias,  even  when  far 
more  severe,  are  not  half  so  depressing,  and  do  not  interfere  to 
the  same  extent  with  the  processes  of  thought. 

It  is  more  than  probable  that  the  sympathetic  or  ganglionic 
system  is  chiefly  at  fault  in  sick-headache,  and  by  this  theory  we 
may  explain  the  fact  that  it  is  brought  on  or  aggravated  by  such 
diverse  causes.  The  vomiting  that  is  an  accompanying  symp- 
tom, sometimes  relieves  the  distress,  but  frequently  aggravates  it. 
The  common  idea  that  sick-headache  is  the  result  of  the  accu- 
mulation of  bile,  or  indeed  of  any  local  disorder  of  the  digestive 
apparatus,  is  mostly  erroneous.  In  the  majority  of  cases,  the 
vomiting  is  itself  the  result  of  the  attack  of  headache,  which  in 
its  turn  is  the  result  of  some  cause  that  has  acted  injuriously 
on  the  nervous  system^  such  as  great  excitement,  anxiety,  pro- 
longed abstinence  from  food,  or  some  undue  mental  exertion. 
It  is  probable  that  indigestion  brings  on  sick-headache  chiefly 
through  its  effects  on  the  nervous  system. 

Electro-diagnosis  in  headache  frequently  detects  abnormal  and 
excessive  tenderness  on  the  top  of  the  head,  and  also  certain 
very  tender  points  on  the  forehead,  and  sometimes  on  the  parietal 
bones.  In  sick-headache  the  eye  of  the  affected  side  is  some- 
times exceedingly  sensitive  to  the  current.  Electric  examination 
of  the  head  is  only  of  value  for  those  who  are  thoroughly  familiar 
with  the  normal  sensitiveness  of  the  different  parts  of  the  cranium 
to  the  electric  current.  In  health  the  front,  sides,  and  top  of  the 
head  are  very  sensitive  to  the  current,  the  back  of  the  head 
very  much  less  so.  (See  cuts  54  and  55,  pp.  255,  256.)  In 
some  pathological  cases  all  parts  of  the  head  so  far  lose  their  sen- 
sitiveness that  they  can  bear  a  current  of  very  considerable 
strength  without  discomfort.  Concerning  the  precise  signifi- 
cance of  this  symptom  we  have  no  means  of  deciding ;  but  from 
our  limited  experience  it  would  appear  to  be,  so  far  as  it  goes, 
an  unfavorable  indication. 

Treatment.  —  Headache  should  be  treated  by  general  or  local- 
ized electrization,  according  to  the  indications  of  each  case.     Dry 
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faradization  with  the  hand  is  used  successfully.  Stable  galvani- 
zation or  faradization,  uniform  or  increasing,  may  be  employed. 
Labile  applications  with  the  moistened  hand  are  sometimes  of 
service.  Sometimes  the  pain  is  relieved  in  the  midst  of  the  sit- 
ting. General  electrization  is  more  effective  than  localized,  for 
the  reason  that  in  so  large  a  proportion  of  cases  the  pain  in  the 
head  is  so  very  frequently  symptomatic  of  disease  of  other  parts 
of  the  body,  the  precise  nature  and  locality  of  which  we  cannot 
possibly  detect.  Galvanization  of  the  sympathetic  is  sometimes 
of  service ;  but,  for  the  reason  just  stated,  no  forms  or  modifica- 
tions of  localized  electrization  can  be  as  efficacious  as  general. 
Relief  not  unfrequently  follows  galvanization  or  faradization  of 
the  stomach,  or  bowels,  or  spine,  or  galvanization  of  the  sympa- 
thetic, even  when  the  head  is  not  touched.  Applications  to 
the  back  of  the  neck  are  sometimes  more  efficacious  than  direct  ap- 
plications to  the  head. 

Prognosis. — Although  headache  in  this  country  is  even  a  more 
frequent  symptom  than  dyspepsia,  yet  patients  do  not  usually  ap- 
ply for  treatment  for  this  symptom  alone,  but  only  when  it  is  asso- 
ciated with  more  special  and  distinct  affections.  The  immediate 
effects  of  electrization  in  headache  are  as  variable  as  the  patho- 
logy of  the  symptoms.  It  sometimes  relieves,  sometimes  ag- 
gravates, and  sometimes  gives  only  negative  results.  In  very 
many  of  our  cases  of  dyspepsia,  of  anaemia,  chlorosis,  nervous 
exhaustion,  paralysis,  headache  is  a  more  or  less  constant  symp- 
tom, from  which  during  the  treatment  they  usually  obtain  either 
relief  or  cure.     In  rare  cases  all  other  symptoms  yield  but  this. 

Persistent  and  constant  cephalalgia  of  long  standing :  anastlusia  of  head — 

A^o  relief 

Case  31. — Mr.  R.,  a  clerk,  aged  22,  was  referred  to  us,  April  22d,  1869,  by 
Dr.  Hallet,  of  Brooklyn.  The  young  man  had  been  many  months  a  sufferer 
from  persistent  pain  through  the  head,  in  all  parts  of  it,  even  to  the  back  of 
the  neck.  Treatment  had  been  of  no  avail.  His  constitution  was  of  the 
nervous  variety,  and  his  symptom  was  aggravated  by  his  sedentary  mode  of 
life,  and  by  any  sustained  mental  effort. 

Electric  examination  with  both  galvanic  and  faradic  currents  demonstrated 
a  very  unusual  lack  of  sensitiveness  to  the  current  on  all  parts  of  the  head, 
which  in   health  can  bear  only  very  gentle  currents.     All  modifications  of 
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electrization  were  employed,  general  and  localized  galvanization  and  faradiza- 
tion, for  four  weeks,  without  making  the  feeblest  impression  on  the  symptom. 
No  temporary  relief  could  he  obtained  either  during  or  after  the  sitting.  The 
strangest  and  most  unusual  fact  of  all  was,  that  the  symptom  could  not  be 
temporarily  ag^avated  or  changed  in  its  character,  even  by  powerful  and 
somewhat  prolonged  galvanization. 

The  failure  was  complete  ;  after  four  weeks'  treatment  the  patient  was  dis- 
missed, no  better  and  no  worse  than  at  the  outset  of  the  treatment. 

Recently  Dr.  Vansant  has  revived  the  use  of  magnetism  in 
headache,  as  well  as  in  some  other  fomis  of  neuralgia.  He  uses 
a  straight  magnet  about  8  inches  in  length  and  ^  of  an  inch  in 
width.  The  4-  pole,  applied  for  a  few  seconds  at  the  painful 
spot,  was  found  to  increase  the  pain,  while  the  —  pole  diminished 
it.  The  cases  published  are  not  sufiicient  in  number  or  importance 
to  establish  the  claims  of  magnetic  *  sui)eriority  over  the  various 
methods  of  electrization  in  the  treatment  of  neuralgia.  He  re- 
lates the  following  cases : 

"Mr.  J.  R.,  a  gentleman  of  rather  delicate  organization,  had 
neuralgia  in  the  upi)er  i^art  of  one  side  of  his  face.  I  applied 
the  northward  (— )  pole  of  a  small  bar  magnet,  not  quite  capable 
of  lifting  half  an  ounce  with  one  pole,  for  a  few  seconds  over  the 
painful  place.  In  about  ten  minutes  he  said  the  pain  was 
increased  and  more  localized.  I  then  applied  theTsouthward  ( -f  ) 
pole  in  the  same  way,  and  in  a  few  minutes  he  said  the  pain  had 
nearly  ceased.  This  gentleman  expected  to  be  relieved  by  the 
first  application. 

"  Mr. ,  a  strong,  unimaginative  man,  had  facial  neuralgia  of 

malarial  origin.  I  af)plied  the  —  pole  of  the  same  small  magnet, 
last  described,  over  the  seat  of  i>am  for  about  one  mmute.  In 
five  minutes  he  complained  of  the  pain  being  worse.  I  then 
made  an  application  of  the  -f  pole,  and  in  less  than  a  minute 
the  pain  almost  subsided.  After  about  an  hour  there  was  a 
recurrence  of  pain  for  a  short  time,  but  much  lessened  in  inten- 
sity. This  person  was  led  to  expect  relief  by  the  first  fonn  of 
application.  (I  have  repeated  the  above  experiment  on  myself 
with  similar  results. )  '* 

It  must  be  admitted,  however,  that  no  very  important  theia- 
•  Psychological  Journal,  April,  1869,  p.  281. 
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peutical  results  have  yet  been  obtained  by  the  magnet.  It  has 
been  found  that,  as  a  rule,  it  is  necessary  that  the  patient  should 
be  of  a  peculiarly  iuipressible  organization  in  order  to  yield  to  its 
influence.* 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  anaemia,  and 
hysteria,  headache  was  a  prominent  symptom,  which  was  not 
only  temporarily  but  permanently  relieved  by  the  treatment.  If 
we  were  to  judge  from  our  own  observations,  electrical  treatment 
is  even  more  efficacious  to  prevent  attacks  of  headache,  by  im- 
proving the  tone  of  the  system,  than  to  dissipate  the  pain  after  it 
has  once  set  in. 

The  results  of  our  treatment  of  sick-headache  by  electrization 
have  not  thus  far  been  very*  encouraging. 

Neither  our  notes  nor  our  recollection  enable  us  to  cite  a 
single  case  of  [)ositive  cure  of  a  long-standing  tendency  to  sick- 
headache,  by  the  use  of  general  or  localized  electrization. 

Sick-headache  —  Vomiting — No  relief  from  faradization. 

Case  32. — The  onset  of  the  pain  was  very  peculiar.  Without  the  slightest 
warning,  when  at  church  or  walking,  at  the  piano  or  engaged  in  household  duties, 
her  vision  will  become  blurred.  Objects  before  Ijpr  seem  to  dance  about  in  every 
direction,  and  she  is  unable  to  recognize  familiar  faces.  No  barometer  is  so 
accurate  in  indicating  storms  as  are  these  nervous  symptoms  in  foretelling  the 
commotion  about  to  take  place  in  her  system.  Soon  the  blur  before  the  eyes 
partially  disappears,  and  a  most  raging  headache  sets  in.  The  arteries  in  the 
temples  swell,  and  pulsate  with  great  rapidity  and  force.  Sharp  lancinating 
oains  dart  all  over  the  head  and  through  the  eyes.  As  a  rule,  vomiting  of  a 
grumous- looking  liquid,  mixed  with  bile,  accompanies  the  other  symptoms. 
After  lasting  from  12  to  24  hours,  the  severity  of  the  attack  abates,  leaving 
her  in  a  somewhat  debilitated  state,  from  which  she  soon  recovers.  Electri- 
zation failed  to  give  any  relief.  Bromide  of  potassium  is  the  only  remedy  that 
has  any  effect  whatever.  Given  in  doses  of  20  grs.  as  soon  as  the  eyes  be- 
come blurred,  it  will  frequently  lessen  the  severity  of  the  pain  in  the  head. 

In  the  other  case  the  headache  is  preceded  by  no  blurring  of  the  eyes,  but 
is  accompanied  by  an  excessive  and  distressing  sense  of  nervousness^  causing 
the  patient  to  throw  her  limbs  and  body  about,  and  to  **  feel,"  to  use  her 

*  Tripier  (Annales  de  T  Electroth«?rapie,  1863),  presents  a  r^sum^  of  some  not 
very  convincing  experiments  of  TAbbe  Le  Noble  in  the  treatment  by  the  mag- 
net of  headache  and  other  nervows  affections.  The  experiments  were  recorded 
by  Andry  and  Thouvet,  in  **  M^moire  sur  le  Magn^tisme  M^cinal."  Paris, 
1782. 
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own  expression,  *'as  if  she  would  fly."  A  number  of  tpplkaHons  of  the 
faradic  current  enabled  her  to  overcome  this  feeling  of  nenroaaDesB^  and  thiis 
relieved  her  of  one  ver^-  annoying  s\-mptom  of  her  disorder.  Genermlly, 
thoujfh  not  always  in  the  cases  just  related,  these  attacks  of  sick-headaclie 
occur  just  before  or  during  the  menstrual  period,  and  so  would  seem  to  be 
influencerl  in  some  measure  by  this  function. 

In  some  cases  of  sick-headache  we  have  succeeded  in  tempo- 
rarily relieung  the  pain  by  electrization,  even  in  the  midst  of  the 
application.  This  result,  however,  is  by  no  means  uniform.  The 
true  principle  of  treatment  is  to  tone  up  the  system  by  a  persever- 
ing use  of  general  electrization,  with  other  tonics,  so  that  the 
paroxysms  may  be  less  frequent  and  less  severe  ;  in  other  words, 
to  combat  the  nervous  diathesis  of  which  the  sick-headache  is  but 
a  symptom. 

FACIAL     NEURALGIA — (EPILEPTIFORM     NEURALGIA FOTHERGILL'S 

DISEASE — TIC     douloureux). 

Facial  neuralgia  appears  under  two  forms.  The  mild  form 
is  usually  of  a  peripheral  character,  being  caused  by  neuritis, 
pressure  from  effusion,  decayed  teeth,  or  morbid  growth.  This 
form  usually  yields  readily  and  surely  to  electrization.  The  severe 
form,  to  which  Trousseau*  has  given  the  name  epileptiform  neu- 
ralgia, is  of  a  central  character,  being  caused  by  a  variety  of 
pathological  conditions  of  the  brain. 

The  symptoms  of  this  form  of  facial  neuralgia  are  the  spas- 
modical and  very  intense  character  of  the  pain  in  the  course  of  some 
of  the  branches  of  the  fifth  pair.  The  spasms  are  of  very  short 
duration — ten  to  fifty  or  sixty  seconds — and  may  be  accompanied 
by  convulsive  action  of  the  muscles.  The  attack  may  be  brought 
on  by  any  exercise  of  the  jaws,  as  chewing,  reading,  eating,  or 
talking.  The  pain  is  so  great  as  to  cause  the  patient  to  slap  his 
face,  or  frantically  rub  the  spot  over  the  seat  of  the  pain.  Some- 
times patients  who  have  great  self-control  stamp  violently  on  the 
floor,  jump  up  if  they  chance  to  be  sitting,  pace  the  room,  and 
utter  piercing  cries. 

This  terrible  disease  has  usually  been  regarded  as  almost  incu- 
rable, and  is  so  pronounced  by  Trousseau,  who  has  graphically 
described  its  symptoms.*     Section  of  the  nerve,  of  which  so  much 
♦  See  his  Lectures,  Bazire's  Translation,  part  i,  p.  105. 
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was  once  expected,  is  now  but  seldom  used,  and  permanently 
succeeds  only  in  exceptional  cases. 

By  a  judicious  and  varied  use  of  peripheral  faradization  or  gal- 
vanization, or  by  the  electric  moxa,  or  by  galvanization  of  the 
brain  or  cervical  sympathetic,  a  certain  portion  of  these  terrible 
cases  can  be  relieved  or  cured.  Our  experience  does  not  yet 
enable  us  to  say  what  i)roportion  the  failures  will  bear  to  the  suc- 
cesses ;  but  if  one  case  out  of  ten  can  be  relieved  or  cured,  it  is 
justifiable  to  try  electrization  in  all,  since  other  modes  of  treat- 
ment offer  no  hope. 

We  present  typical  examples  of  both  failure  and  success  in  the 
electrical  treatment  of  this  disease. 

Epihptiform  neuralgia  of  left  side  of  face,  of  two  years'  standings  treated 
without  benefit  by  various  methods  of  electrization. 

Case  33.— Mr.  P.,  aged — ,  was  sent  to  us,  Nov.,  1869,  by  Dr.  Willard  Par- 
ker, with  typical  sjinptoms  of  epileptiform  neuralgia.  The  patient,  though  a  man 
of  mild  temj^rament,  stamped  furiously  on  the  floor,  even  while  telling  us  his  his- 
tory. The  spasms  of  pain  appeared  in  one  spot,  in  the  course  of  the  lower  branch 
ol  the  trifacial.  The  general  health  of  the  patient  was  not  greatly  impaired, 
although  he  had  suffered  for  two  years. 

We  trie<l,  in  succession,  all  means  of  electrical  treatment,  with  both  cur- 
rents. At  one  time  some  temporary  benefit  appeared  to  have  l^een  derived ;  it 
was,  however,  of  short  duration,  and  the  paroxysms  returned  in  full  force. 

After  ten  applications  the  patieyt  abandoned  treatment,  utterly  disheart- 
enefl. 

In  the  above  case  we  made  the  applications  twice  a  day,  as  the 
patient  could  stay  but  a  short  time  in  town.  It  is  possible  that 
better  results  would  have  followed  if  a  longer  interval  had  been 
allowed. 

Epileptiform  neuralgia,  of  two  years'  standing,  in  an  aged  patient — Aggra- 
vation of  the  symptoms  by  general  electrization. 

Case  34.  —Mr. ,  aged  — ,  consulted  us  in  March,  1870,  for  spasms  of  pain 

in  the  lower  branch  of  the  trifacial,  that  had  distressed  him  for  two  years. 
His  pain,  though  not  of  the  severest  kind,  was  yet  terrible.  His  under  lip 
hung  over,  an«l  the  saliva  dril)bled  from  his  mouth. 

The  whole  round  of  remedies  had  been  tried  in  vain. 

With  a  fair  understanding  of  the  probabilities  in  the  case,  we  treated  him 
two  or  three  times  with  both  currents,  and  in  various  methods  of  application. 
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Sevi'ti  niii'luniifn^  niTt'  yivcn.  The  cnrrcnn  were  tniM  and  the  stances  short, 
hul  each  lime  Ihc  p.nlitin  ivcnt  home  suffering  mote  ihan  when  he  came.  At 
ihe  cloFe  of  ilii-  itt.ilimni,  it  was  evident  Ihat  the  patical  had  become  much 
worse,  lie  wiun  ralli,;il,  however,  from  the  temporary  nj^avation  of  his 
Mmpiom'i  to  the  comlition  io  which  he  hod  been  prior  lo  the  trealmBtil. 

v\n  addiiional  tvidL'iice  ihat  the  disease  in  this  case  was  central, 
H'as  atTordcil  in  a  feeling  of  nutnbtiess  ihat  the  patient  at  times 
experienced  in  the  riybt  hand  and  fool. 

We  now-  turn  to  the  pleasanter  side  of  the  picture. 

Hpilepti/crai  »/iira/):ia  1/  two  ycari'  Handing — Imprnvtmittt  unJir  fara- 
dizalion  limforarily  aggrimatcd  by  gak'anitatiim. 

C.ViE  35.^Mr.  M.,  ayed  65,  of  extraordinary  vigor  of  const itution  and  per- 
fectly lemperal<^  in  every  habit,  stated  that  some  two  years  since,  in  the  yeu 
i£l)5,  he  lir^l  iuiIicimI  3  slight  pricking  Mnsation  under  the  lobe  of  the  left  esr. 

For  one  vt'sr  this  feeling  occurred  only  occKsionaUy,  and  annoyed  him  bat 
little.  .^1  Iht  c«|iiraLiun  of  this  lime  the  attacks  became  more  freijuent,  were 
coniiderahlv  priilonjjc'i,  and  produced  actual  i>ain. 

It  WHS  a  siii<;ular  fealnre  aasuciated  with  his  condition,  that  exposure  to  the 
sun's  rays  for  a  few  mnmenls  would  invariably  occasion  an  aititk  of  pain. 
.<\.boul  this  time  the  losa  oF  a  large  amount  oF  money  was  a.  cause  to  him  of 
great  anxiety  oF  mind,  ilnd  evidently  aided  in  aggmvaling  his  disorder.  The 
paroxysms  oF  [laiii  increased  in  Frequency  and  severity,  until  it  vvas  his  sorrow 
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From  this  time  onward,  under  the  exclusive  use  of  the  faradic  current,  the 
improvement  was  uninterrupted,  until,  after  remaining  under  treatment  six 
weeks  and  receiving  eighteen  applications,  he  was  discharged  approximately 
cured.  Occasionally,  after  a  long  conversation,  he  feels  something  like  a  twinge 
of  the  old  pain,  but  it  is  so  slight  as  to  give  him  little  annoyance. 

The  following  very  remarkable  cases  we  transcribe  from  the 
Practitioner : — 

**  One  case  of  facial  neuralgia^  of  twenty-niue  years'  standings  cured  by  the 
galvanic  current  in  twenty  sittings — Subsequent  relapse  and  relief — Also^ 
a  case  of  facial  neuralgia  of  few  years'  standing,  cured  by  galvanization, 
after  the  failure  of  section  of  the  nerves. ^^ 

**  Dr.  Wiesner,  ofTiibmgen,  relates  two  mterestmg  cases  of  severe  and  stand- 
ing neuralgia,  treated  in  Niemeyer's  clinic.  The  first  was  that  of  a  man  sev- 
enty-four years  old,  who  had  suffered  for  twenty-nine  years  from  neuralgia 
affecting  all  three  branches  of  the  trigeminus.  All  manner  of  treatment  had 
been  tried,  with  no  good  results;  there  was  a  red  and  infiltrated  spot  of  skin 
three-quarters  of  an  inch  long,  l)elow  the  orbit,  on  the  affected  side.  The  con- 
stant current  was  applied,  the  painful  parts  being  included  between  a  moist 
positive  pole  and  a  negative  ix)le  armed  with  a  metallic  brush.  Great  improve- 
ment was  rapidly  producetl,  and  after  twenty  sittings  only  a  slight  sensitiveness 
of  the  up|)er  lip  remained.  Several  months  later  there  was  a  relapse  of  pain  ; 
this  was  treated  by  Dr.  Niccolich,  of  Trieste,  by  the  use  of  Gaffe's  electric  appa- 
ratus, with  the  direct  (galvanic)  current,  and  quickly  removed;  the  sensitive- 
ness of  the  upi)er  lip  was  also  got  rid  of  by  applying  one  electrode  deeply  within 
the  nostril.  The  second  case  was  that  of  a  man  aged  sixty-four,  a  sufferer  from 
facial  tic  for  five  years.  All  other  remedies  having  proved  vain.  Professor  Bil- 
roth  divided  the  infra-orbital  nerve,  and  on  the  recurrence  of  the  pains  repeated 
the  operation,  with  resection  of  a  portion  of  the  upper  jaw.  The  buccinator, 
the  posterior  dental  and  mental  nerves  were  successively  resected  in  vain ;  and 
finally,  the  common  carotid  was  tied  (!),  with  only  temporary  relief.  At  the 
time  when  the  galvanic  treatment  was  commenced,  the  pain  was  chiefly  in  the 
temporal  nerve,  and  also  in  the  infra-orbital.  The  painful  parts,  and  also  those 
which  were  sensitive  on  pressure,  were  includwl  in  a  current  passed  between 
two  moist  sponge  electrodes ;  two  s'-ances  of  five  minutes  each  were  given  daily. 
Improvement  soon  occurred,  but  was  often  che<iuerefl  by  relapses.  One  elec- 
trode was  now  introduce<l  into  the  mouth,  and  the  other  applied  to  a  corre- 
sponding point  in  the  cheek,  and  the  improvement  l)ecame  rapid.  In  two 
months  all  attacks  of  pain  had  ceased,  and  one  month  later  the  patient  no 
longer  remained  sensitive  to  the  influences  which  formerly  excited  attacks." — 
{Berlin.  Klin.  Wochenschrift,  17  and  18,  1868.) 
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SPINAL    IRRITATION  (SPINAL   NEURALGIA). 

Spinal  irritation  is  one  of  those  names  which,  like  hysteria,  have 
become  the  recognized  property  of  the  profession,  against  the 
actual  or  implied  protest  of  nearly  all  who  employ  it.  The  term 
spinal  neural^i^ia  would  seem  to  better  express  the  symptoms  and 
the  condition  usually  embraced  under  spinal  irritation,  since  it 
would  be  very  well  consistent  with  the  received  nomenclature  of 
neuralgia,  and  in  some  respects,  at  least,  would  not  incorrectly 
express  the  nature  of  the  affection. 

The  term  spinal  irritation,  originally  projwsed  by  Dr.  Brown  of 
CJlasgow,  and  described  and  illustrated  in  detail  by  G.  T.  P.  Teale, 
in  1829,  and  the  (iriffin  Brothers  in  1844,  is  now  pretty  generally 
understood,  in  Kngland  and  America,  at  least,  to  express  a  toler- 
rably  well  defined  morbid  condition,  of  which  one  of  the  leading 
symptoms  is  spinal  tenderness. 

Prof.  Niemeyer*  speaks  slightingly  of  the  term  spinal  irritation, 
evidently  not  regarding  it  as  worthy  to  be  classed  among  diseases. 
Rombergf  declares  that  the  investigation  of  spinal  irritation,  of 
which  he  speaks  under  the  head  of  spinal  neuralgia,  has  contribu- 
ted nothing  to  Physiology,  Pathology,  or  Therapeutics. 

(rerman  writers  in  general,  we  think,  discard  the  term,  or  at 
least  are  unwilling  to  bring  it  into  the  nomenclature  of  diseases. 
Among  American  physicians  it  by  no  means  occupies  the  position 
that  it  held  twenty  five  or  thirty  years  ago ;  indeed,  it  may  be 
said  that  the  tendency  has  been  to  dismiss  the  term  altogether. 
But  of  late  years,  under  our  improved  methods  of  studying  and 
treating  nervous  diseases,  there  would  seem  to  be  a  disposition 
to  return  to  the  views  that  were  held  on  this  subject  in  1840. 

In  Reynolds*  System  of  Medicine,  Dr.  C.  B.  Radcliffe  treats  of 
spinal  irritation  as  a  distinct  and  recognized  affection,  in  the  sec- 
tion devoted  to  diseases  of  the  spinal  cord.J  More  recently  still, 
Benedikt,  of  Vienna,  speaks  of  the  affection,  though  not  in  detail, 

♦  A  Text-Book  of  Practical  Medicine,  translated  by  Drs.  Humphreys  and 
Hackley,  1869.     Vol.  ii.,  p.  258. 

+  Manual  of  the  Nervous  Diseases  of  Man.  Translated  by  Edward  H. 
Sieveking,  M.D.     London.     Vol.  i.,  pp.  154  and  155. 

\  Vol.  ii.,  p.  690. 


spinal  Irritation  (Spinal  Neuralgia),  351 

under  the  head  of  hysteria,  of  which  he  regards  it  as  an  incidental 
symptom.*  Recently  Dr.  W.  A.  Hammond  \  has  published  an 
interesting  paper  on  this  subject. 

One  reason  why  the  German  physicians  have  been  unable  or 
unwilling  to  accord  to  spinal  irritation  the  prominence  given  to  it 
in  England  and  America,  is  probably  that  the  disease  or  symptom 
of  disease,  by  whatever  name  it  is  called,  is  less  frequent  among 
them  than  with  the  Anglo-Saxon  race.  The  simple  fact  is  that 
spinal  irritation  or  spinal  neuralgia  is  one  of  many  manifestations 
of  the  nervous  diathesis,  and  is  therefor  most  frequent  and  most 
severe  where  the  nervous  diathesis  prevails. 

Among  the  leading  symptoms  are  spinal  tenderness,  pain  in  the 
spine,  with  a  feeling  of  heat  and  burning ;  fugitive  neuralgic  pains 
in  various  parts,  that  seem  to  have  a  relation  to  the  tender  parts 
on  the  spine  ;  chills,  formication,  fits  of  yawning,  stretching, 
sneezing,  gaping  ;  nervous  or  spasmodic  cough ;  nausea,  palpita- 
tion, irritable  bladder,  constipation,  insomnia,  and  muscular  con- 
tractions. 

Irritation  of  the  cervical  vcrtebne  is  likely  to  be  accompanied 
with  headache,  spasmodic  cough,  or  possibly  with  aphonia  or  with 
dysphagia ;  irritation  of  the  dorsal  vertebrje  with  gastric  disturb- 
ances, or  with  neuralgia,  or  tingling  of  the  fingers  and  weakness  of 
the  arms ;  irritation  of  the  lumbar  and  sacral  vertebrae,  with  de- 
rangements of  the  bowels,  of  the  genital  organs,  pains  and  weak- 
ness in  the  lower  limbs.  Among  other  symptoms  that  are  observed 
in  spinal  irritation,  are  sudden  startings  in  the  sleep,  or  spasmodic 
jerkings  just  as  one  is  on  the  i)oint  of  dropping  to  sleep,  twitch- 
ings  of  the  muscles  in  various  parts  of  the  body,  and  persistent 
mental  depression  and  tenderness  of  the  cervical  sympathetic.  In 
males  there  may  be  either  diminution  of  the  sexual  power,  or  mor- 
bid excitability,  or  alternations  of  both  conditions  ;  in  females 
there  may  be  almost  any  conceivable  functional  disturbance  of 
the  genital  organs. 

A  review  of  this  array  of  symptoms — many  of  which  are  com- 
mon to  a  variety  of  diseases — shows  that  the  differential  diagnosis 

*  Die  Elect rotherapie,  p.  417. 

f  Psychological  Journal,  April,  1870. 
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of  spinal  irritation  must  frequently  be  a  matter  of  considerable 
difficulty. 

The  muscular  contractions  may  be  so  powerful  as  to  bring  up 
the  thighs  against  the  abdomen. 

Pressure  on  the  tender  vertebrae  sometimes  brings  on  cough,* 
pain  in  the  parts  corresponding,  or  to  a  thrill  over  the  body  ;  and, 
in  extreme  cases,  may  produce  fainting. 

The  statistics  of  spinal  irritation  compiled  by  Griffin  Brothers 
is  of  some  interest.  Of  148  cases,  "26  were  males,  49  in  mar- 
ried women,  and  73  in  girls."  Of  these  cases  28  had  the  spinal 
tenderness  in  the  cervical  region,  46  in  the  cervical  and  dorsal, 
23  in  dorsal,  15  in  dorsal  and  lumbar,  13  in  lumbar,  23  in  all  re- 
gions of  the  spine. 

Differential  Diagnosis,  —The  truth  is  that  spinal  irritation  almost 
always  forms  a  part  of  one  or  more  of  the  diseases,  as  hysteria,  cho- 
rea, spinal  hyperemia  (congestion  or  meningitis),  &c.,  constituting, 
as  it  were,  a  subdivision  or  accompaniment  of  them,  and  is  only 
entitled  to  the  honor  of  distinct  nomenclature  by  itself  when  tKe 
spinal  tenderness  and  the  symptoms  that  directly  flew  from,  it  over- 
shadow other  accompanying  conditions.  Close  examination  would 
reveal  that  very  many  of  the  cases  in  practice  that  are  variously 
classified  under  hysteria,  anaemia,  etc.,  have  a  sufficiently  marked 
tenderness  of  the  vertebrae  to  be  regarded  as  examples  of  spinal 
irritation  ;  and  if  treated  accordingly,  would  recover  more  rapidly 
than  under  the  methods  usually  employed.  The  best  confirmation 
of  the  diagnosis  is  the  very  favorable  result  of  judicious  and 
varied  treatment  devoted  specially  to  the  tender  spots  on  the 
spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion, 
the  distinction  is  oftentimes  purely  one  oi permanence  and  degree. 
In  both  conditions  there  may  be  pain  and  heat  in  the  spine, 
neuralgia  or  paralysis  of  the  limbs,  plantar  heat  and  anaesthesia, 
constipation,  feeling  of  pressure  or  constriction  in  the  chest,  and 
stiffness  of  the  neck,  etc.  Spinal  irritation,  when  hyperaemia 
exists,  may  run  into  spinal  congestion  or  meningitis — the  latter 
being  simply  an  advanced  stage  of  the  former.  It  is  distinguished 
from  myelitis  by  the  absence  of  other  necessary  symptoms.     The 
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contractions  of  muscles  in  spinal  irritation  are  less  painful  than 
those  of  myelitis. 

Pathology. — In  spinal  irritation,  as  in  cerebral  irritation,  there 
may  be  either  anaemia  or  hyperaemia.  That  very  many  of  the 
cases  of  spinal  irritation  depend  on  hyperaemia  of  the  cord  is 
quite  conclusively  shown  : — 

1.  By  the  feeling  of  heat  and  burning  at  the  seat  of  the  irrita- 
tion. 

2.  By  the  fact  that  this  pain  is  frequently  increased  at  night, 
when  the  patient  is  in  a  recumbent  position. 

3.  By  the  fact  that  it  is  relieved  by  me  asures  that  relieve  con- 
gestion, as  dry  and  wet  cupping,  and  by  blisters  over  the  tender 
vertebrae: 

On  the  other  hand,  reasoning  from  analogy  and  from  what  we 
know  of  the  relation  of  the  sympathetic,  it  is  proper  to  assume 
that  anaemia  exhibits  as  many  of  the  phenomena  of  spinal  as  of  cere- 
bral irritation.  This  assumption  is  strengthened  by  the  fact  that 
very  many  of  the  patients  who  have  spinal  irritation  are  more  or 
less  anaemic.  And  yet,  reasoning  from  the  history  of  the  cases, 
and  from  the  results  of  treatment,  we  are  inclined  to  the  opinion 
that  anaemia  exists  only  in  a  small  minority  of  the  cases  of  spinal 
irritation ;  that  in  the  majority  of  instances  there  is  more  or  less 
at  least  temporary  congestion  of  the  cord  and  of  its  membrane ; 
and  that  in  all  cases  of  doubt  it  is  safe  to  assume  the  existence 
of  hyperaemia,  and  to  guide  the  treatment  accordingly. 

It  is  not  necessary  to  assume  that  this  hyperaemia  of  the  cord 
is  a  constant  condition.  Except  in  the  severe  and  long-standing 
cases,  it  is  probably  not  so,  but  is  more  or  less  evanescent, 
temporary,  and  metastatic.  This  may  distinguish  it  from  spinal 
congestion,  which  is  a  fixed  condition.  Congestion  of  the  cord,  as 
of  the  brain,  the  genitals,  the  eye  and  the  ear,  may  perhaps  be  easily 
excited.  It  is  not  unreasonable  to  suppose  that  anaemia  and  hyper- 
aemia may  alternate  in  the  patient,  and  in  the  same  day  or  hour. 

The  question  can  of  course  only  be  definitely  settled  by 
examination  of  the  cords  of  those  who  have  died  while  suffering 
from*  spinal  irritation. 

Causation. — Spinal  irritation,  like  all  other  developments  of  the 
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nervous  diathesis,  may  arise  from  any  causes  or  combinations  of 
causes  that  weaken  the  nervous  system.      These  special  causes, 
whose  name  is  legion,  may  all  be  included  under  these  four  heads : 
excessivcy  spasmodic ^  or  disproportionate  mental  labor^  and  especially 
anxiety  ;  excessive  excitation  of  the  genital  organs^  either  in  the 
natural  or  unnatural  way ;  improper  or  insufficient  nutriment; 
and  lastly,  exhausting  physical  toil,  especially  in  the  form  of  long 
walks  or  marches.     As  a  matter  of  observation,  the  condition  is 
usually  brought  on  by  a  combination  of  two  or  three,  or  [>erhaps 
all  of  these  general  causes,  acting  on  a  constitution  hereditarily 
disposed  to  nervous  disease.     The  special  part  which  excitation 
of  the  sexual  organs  plays  in  the  causation  of  spinal  irritation 
is  very  difficult  to  inter] )ret,  or  at  least  to  differentiate.  ■ 

It  is  the  opinion  of  Dr.  Radcliffe  that  abstinence  from  alco- 
holic stimulants  is  a  fruitful  cause  of  spinal  irritation,  and  he 
states  that  he  finds  it  impossible  to  cure  a  case  without  the  aid  of 
some  form  of  alcohol.  The  subject  is  variously  complicated  with 
questions  of  race,  climate,  and  habits  of  life  ;  but  it  is,  to  say  the 
least,  a  very  suggestive  fact  that  the  better  classes  of  the 
United  States  are  the  only  civilized  people  who  do  not  make 
habitual  use  of  some  form  of  alcoholic  stimulants ;  and  it  is 
among  these  very  classes  that  spinal  irritation,  and  most  other 
manifestations  of  the  nervous  diathesis,  are  most  frecjuent. 

Electric  examination  in  spinal  irritation  may  sometimes  reveal 
tender  spots  on  the  spine  that  are  not  indicated  by  pressure. 

Treatment. — Electric  treatment  consists  in  general  electrization, 
galvanization  of  the  spine  and  sympathetic. 

Galvanization  of  the  cord  may  be  performed  without  regard  to 
the  direction  of  the  current,  one  pole  (better  the  positive,  see 
p.  165)  being  placed  over  the  tender  spots,  and  the  other  on 
some  indifferent  point  by  the  side  of  the  spine  and  at  a  short 
distance  from  it.  To  depend  on  localized  galvanization  alone  is 
illogical,  since  the  disease,  though  for  the  time  specially  local- 
ized in  the  spinal  cord,  is  usually  sim[)ly  but  a  develo[>ment  or 
manifestation  of  the  nervous  diathesis,  in  which  the  whole  sys- 
tem shares. 

Prognosis, — Under  electric  treatment  alone,  the  prognosis  of 
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spinal  irritation  is  usually  favorable  for  a  relief,  and  sometimes 
for  permanent  cure. 

It  is,  however,  of  great  advantage  in  all  severe  or  long-stand- 
ing cases,  to  combine  with  electrization,  counter-irritation  (blisters, 
or  tartar-emetic  omtment)  over  the  sensitive  vertebrae,  and  the  inter- 
nal administration  of  phosphorus  or  other  stimulants.  In  nearly  all 
of  our  cases  we  have  used  only  electrization,  either  because  they 
refused  other  treatment  or  had  previously  tried  it  with  unsatisfac- 
tory results.  It  is  probable  that  neglected  cases  may  sometimes 
go  on  to  locomotor  ataxy,  or  myelitis ;  but  on  this  subject  there 
is  need  of  accurate  clinical  observation. 

Comparative  rest  of  brain  and  muscles  is  an  important,  though 
not  indispensable,  aid  to  treatment.  The  disease  is  quite  prone 
to  relapse,  especially  under  bad  hygienic  surroundings.  Under 
combined  treatment,  consisting  of  blisters  to  the  spine,  phospho- 
rus, strychnia,  and  electrization,  the  majority  of  cases  will 
rapidly  improve.  So  many  of  our  cases  of  spinal  irritation  are 
included  under  other  diseases,  as  hypochondriasis,  hysteria,  ner- 
vous dyspepsia,  etc.,  that  statistics  of  the  results  of  our  treatment 
in  this  special  symptom  cannot  well  be  prepared. 

Spinal  irritation  of  four  years*  standings  with  excessive  tenderness  in  the 
lumbar  region — Decided  relief  front  general  faradization. 

Case  36. — Mrs.  ,  aged  24,  was  sent  to  us  Jan.  4th,  1868,  by  Dr.  Sew- 
all,  to  be  treated  for  pain,  with  most  excessive  tenderness,  over  the  lumbar  ver- 
tebrie.  The  symptoms  had  been  particularly  distressing  since  her  confine- 
ment, two  months  previous,  but  had  annoyed  her  more  or  less  for  four  years. 
Unitetl  with  this  spinal  tenderness  there  was  consideral)le  debility,  that  made 
a  walk  of  half  a  mile  a  burden  ;  gastric  uneasiness,  feeble  appetite,  insonmia, 
and,  in  general,  the  characteristic  features  of  the  nervous  constitution. 

Electric  examination  revealed  a  very  great  tenderness  over  several  of  the 
lumbar  vertebrae ;  only  a  feeble  current  could  l)e  borne  at  all,  even  with 
large,  soft  sponges.  No  other  abnormal  condition  was  found  beyond  a  general 
hypererethisia,  which  is  usual  in  such  cases.  The  tenderness  was  so  great  that 
even  the  weight  of  the  hand  was  distressingly  painful. 

We  began  treatment  by  general  faradization,  with  special  reference  to  the 
tender  spot  in  the  spine.  At  this  locality  we  used  a  stable-increasing  cur- 
rent, beginning  with  a  current  scarcely  perceptil^le,  and  increasing  the  strength 
up  to  the  point  where  it  could  be  comfortably  l)ome.  The  patient  shortly 
improved  under  this  treatment,  though  not  without  relapses  whenever  she 
attempted  any  important  exertion.      From  week  to  week    the  tenderness 
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became  less  marked,  until  the  vertebrae  were  no  longer  painful  under  moderate 
pressure,  and   a  much  more   powerful  current   could  be  borne  with   eaae: 
Agreeable  tcm(X)rar}'  relief  followed  each  application — an  observation  wbich 
we  have  freriucntly  made  in  spinal  irritation. 
At  the  end  of  two  months  the  patient  was  dismissed  very  much  benefited. 

HypcrtTsthesia  of  the  cen>ical  and  upper  lumbar  vertebrae — Improvtmtni 
under  general  and  localized  faradization  and  gahfanization. 

Case  37. — Rev.  Mr.  F.,  aged  30,  was  referred  to  our  care  March  9,  1868. 
by  Dr.  (>urdon  Buck.  For  several  months  before,  he  had  been  complaining 
of  pain  and  heaviness  in  the  back  of  the  neck,  that  had  compelled  him  to 
resign  his  pastoral  charge  and  abstain  from  all  sustained  mental  exertion. 
Tlie  patient  was  large,  tall,  well  formed,  and  apparently  very  robust.  All 
the  functions  seemed  to  be  tolerably  well  performed ;  but  sustained  mental 
exertion  was  almost  impossible.  He  had  been  treated  faithfully  by  coun- 
ter-irritation, in  the  shajx;  of  wet  cupping,  and  had  derived  positive  bene- 
fit therefrom. 

Electric  examination  indicated  some  tenderness  on  the  upper  cervical 
vertebra;,  and  alst)  in  the  upper  lumbar ;  but  this  tenderness  i**as  not  excessive, 
and  a  current  <»f  fair  strength,  so  far  as  the  vertebrae  were  concerned,  could  be 
readily  borne  without  discomfort  ;  nor  were  the  vertebrae  so  painful  as  they 
sometimes  aie  found. 

But,  in  one  respect  his  behavior  under  the  electric  examination  was  peculiar. 
The  sensation  produced  by  a  mild  galvanic  current  over  the  upper  cervical 
vertebnc  was  j^ainfully  felt  in  the  forehead,  indicating  a  morbid  irritability  of 
the  central  nervous  system,  since  in  health  such  a  phenomenon  does  not 
appear.  That  this  morhid  irritability  was  in  some  way  related  to  the  s)'mpa- 
thctic,  or  that,  at  leaht,  the  sympathetic  was  the  medium  through  which  it  was 
manifcstcfl,  was  rendered  probable  by  the  fact  that  mild  faradization  or 
galvanization  of  the  aflfeclc<l  part  caused  a  very  profuse  j^erspiration  on  the 
hands  and  feet.     This  same  cflect  we  have  also  observed  in  a  case  of  h}'steria. 

Strong  as  the  patient  apjH^ared  to  be,  it  was  necessar)-  to  treat  him  with  mild 
currents  and   short  applications.     By  turns  and  in  succession  we  tried  the 
various  metluids  of  electri/alion,  with  both  the  farad ic  and  galvanic  currents, 
and  with  important  tliough  not  brilliant  results. 

After  a  treatment  extending  by  intervals  through  three  months,  the  patient 
left   for  a  visit  in  Kngland,  where  he  remained  nearly  a  year,  still   slowly 
improving. 

Irritation  of  cervical  vcrtchnr  follouung  uterine  disease. 

Case  38. — Mrs. ,  w  ife  of  a  physician  from  the  interior  of  the  State,  con- 
sulted us  in  the  spring  <»f  1S68,  for  a  dull,  heavy,  and  i)ersistent  pain  in  the 
back  of  the  neck,  that  for  some  time  had  troubled  her,  and  which  did  not 
seem  to  yield  to  the  various  treatments  that  had  been  employed.     Her  general 
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health  had  not  been  good,  and  at  one  time  she  had  suffered  from  and  had  been 
treated  for  displacement  of  the  uterus. 

Electric  examination  indicated  a  decided,  but  not  remarkable  tenderness 
over  the  painful  vertebrae. 

Wc  advised  general  faradization,  and  made  three  applications,  which  were 
followed  by  some  relief.  The  patient  was  obliged  to  return  to  her  home 
before  we  liad  time  to  give  her  a  thorough  course  of  treatment. 

The  above  case  is  one  of  many  illustrative  of  the  fact  that 
spinal  irritation  is  a  result  of,  or  at  least  follows,  disease  or  mor- 
bid symptoms  in  some  other  part  of  the  body.  Very  frequently 
have  we  observed  that  it  is  preceded,  perhaps  for  years,  by  dys- 
pepsia, sick-headache,  or  by  morbid  condition  of  the  genital 
organs. 

A  chronic  condition  of  irritation  and  fiypercesthesia  of  the  spinal  cord 
greatly  benefited  by  gtneral  farcuHzation^  in  conjunction  with  gcUvani- 
zation  of  the  sympathetic  and  spine. 

Case  39. — A  young  lady,  daughter  of  a  physician,  who  had  suffered  for 
many  months  from  symptoms  both  of  congestion  and  irritation  of  the  spinal 
cord,  was  placed  under  our  care  by  the  advice  of  Dr.  H.  D.  Bulkley.  Ten- 
derness was  manifest  over  the  cervical -dorsal  and  lumbar  regions.  The 
patient  complained  of  shortness  of  breath,  numbness  and  tingling  in  the 
hands  and  feet,  cough,  nausea,  with  neuralgic  pains  around  the  loins  and 
in  the  extremities.  A  very  decided  loss  of  power  was  manifest  in  the  lower 
limbs,  so  that  it  was  impossible  to  take  more  than  a  few  turns  around  the 
room  without  fatigue.  Under  the  tonic  influence  of  twenty  general  applica- 
tions of  the  faradic  current,  the  patient  very  decidedly  improved.  The  ten- 
derness along  the  spine  decreased,  and  in  the  cervical  region  disappeared 
altogether. 

The  shortness  of  breath,  the  numbness  and  tingling,  together  with  the 
neuralgic  pains,  became  less  marked,  while  the  strength  so  far  improved  that 
she  was  able  daily  to  take  short  walks  of  several  blocks,  and  to  ascend  the 
stairs  with  comparative  comfort. 

We  now  resorted  to  the  galvanization  of  the  S3rmpathetic  and  the  spine — 
spinal-cord  current — which  were  followed  by  an  improvement  more  marked 
than  it  was  possible  to  obtain  from  the  faradic  current  alone.  The  patient  is 
still  under  observation,  and  is  far  from  well.  She  may  never  completely  recover  ; 
but,  in  consideration  that  a  tendency  to  these  symptoms  had  existed  from 
her  very  birth,  the  improvement  has  been  as  rapid  as  could  be  reasonably 
expected. 


<o/lheltgi,      " 


/(  ci'ti'hriiiii  .i/  /infill!):,  pficUng,  and  a  diifcsilian  tii  paralytis  of  the  legi, 

deptnJenI  ,iii  irrilalioit  and  kyfenrmia  of  the  card,  Hteidedly  rtlinvJty 

gah'aHicilwn  of  the  sympathetic  and  g/nerai  faraditation. 

Case  40. — Mrs.  W.,  ai;ed  44,   whose  phywcian.  Dr.    H.    Gregoiy,  mdvued 

iTcalTucnt   1>)'  clcclruslion,  wu  soiTering  frDm  pricking  sensations  tn  the  arm*, 

and  TrOTTi  liiigling  intl  numbness  of  the  lower  limbs  and  feet.      In  the  legs, 

hIso,   there  luns  3  ili-dricii  "  diiposilion"  to  paralyse,  as  manifested  by  a  reeling 

of  weight  in  t]ie  erforf  of  walking. 

Pressure  along  tltciiinedUcloseda  tender  point,  at  about  the  third  dorsal  and 
second  lumtior  verlciim.-,  These  coodilioDsof  taidemess,  tingling,  and  wei^t 
in  ihc  Inwer  limbs  seemed  [o  indicate  not  only  an  iiritalion.  but  olw  a  hyperae- 
mia  of  the  -spinal  cord,  (jalvaniiation  of  the  sympathetic  and  mild  gcnend 
applicatinns  of  the  fnrailic  current  were  foUuwed  by  a  marked  unelionlion  of 
these  <iyinploms. 

1'he  linib^  especially  pm^esaed  rapidly,  and  after  eight  applications  became 
quite  -slrong,  and  were  f^uite  relieved  of  the  tuixslliesia.  Some  tendemesi 
along  the  course  of  ihe  spine  still  remained),  with  occasional  tingling  in  the 
cilremitics,  but  not  Mifhcicnl  to  occasion  the  same  annoyance  as  ticfore, 

Wt  havt  fijund  that  the  sudden,  shooting  pains  which  so  fre- 
qiienlly  accompany  locomotor  ataxy  may  at  times  be  very  appre- 
ciably relii'vut!  by  -x  judicious  use  t 
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CASES   OF  A   DOUBTFUL   ORIGIN. 

Cases  of  neuralgia  continually  occur  in  which  it  is  difficult  or 
impossible  to  make  a  diagnosis  of  the  seat  of  the  disease. 

An  unusual  and  persistenf  sensation  of  pricking  oifcr  the  entire  surface  of 
t/ie  body,  probably  due  to  some  morbid  condition  of  the  sympathetic — Re- 
lieved by  general  galvanization. 

Case  42. — Mr.  L.,  aged  40,  complained  of  an  unusual  condition  of  dry- 
ness   of   the    skin,    accompanied   by  frequent    and   prolonged    sensations   of 
pricking  and  tingling  over  the  entire  surface  of  the  body,  from  the  head  to 
the  feet. 

The  patient  was  a  spare  man,  enjoying  fair  general  health,  but  of  a  naturally 
nervous  organization.  General  applications  of  the  faradic  current  afforded  no 
relief. 

The  galvanic  current  was  then  made  use  of  by  the  method  of  general  elec- 
trization. 

The  immediate  effect  was  a  feeling  of  irritation,  which,  however,  instantly 
disappeared  on  the  application  over  the  body  of  a  gentle  faradic  current. 

This  treatment  afforded  relief  for  several  days,  when  the  old  feeling  returned. 
A  similar  application  secured  the  patient  a  longer  immunity  from  his  unpleas- 
ant sensations.  Subsequent  applications  failed  to  entirely  remove  the  evil,  but 
so  modified  its  effects  as  to  render  it  far  less  annoying  than  before. 

The  symptoms  in  the  above  case  indicated  that  the  sympa- 
thetic was  in  some  way  implicated. 

Neuralgia  of  the  superior  maxillary  and  ophthalmic  branches  of  the  fifth 
pair^  followed  by  strabismus  convergent  and  projection  of  the  eyeballs — 
Treatment  by  localized  faradization — Recojfery. 

Case  43. — In  Sejjtember,  1867,  the  following  quite  novel  case  fell  under 
our  observation.  The  patient  was  a  married  lady  faged  35),  who  stated  that 
in  July,  1866,  she  was  taken  suddenly,  during  the  night,  with  severe  neuralgic 
pain  in  the  right  side  of  the  face,  along  the  course  of  the  superior  maxillary 
division  of  the  fifth  pair.  Since  the  first  attack  the  pain  had  been  almost 
constant,  and  frequently  occurred  in  prolonged  and  acute  paroxysms.  Before 
the  disease  manifested  itself,  she  was  of  a  full  and  stout  habit,  and  had  enjoyed 
good  health.  Her  sufferings,  however,  made  alarming  inroads  upon  her  general 
constituticm.     When  we  first  saw  her  she  was  markedly  frail  and  anaemic. 

She  was  able  to  take  but  little  exercise,  and  her  appetite  was  poor  and 
capricious.  In  April,  1868,  the  ophthalmic  branch  became  affected,  and  the 
pain  changed  its  seat,  coursing  along  this  nerve  and  seeming  to  spend  itself 
behind  the  eyeballs.  Strabismus  convergent  followed  almost  immediately,  and 
the  eyeballs  rapidly  projected,  until  it  assumed  most  unsightly  proportions^     She 


360  Neuralgia. 

had   been  untiring  in  her  search  for  relief,  but  finally  became    deprived  of 
hope  of  any  amelioration  of  her  symptoms,  when  the  use  of  electricity  was 
suggested.     We  made  an  extremely  mild  application  of  a  fine  faradic  current, 
and  succeeded  to  a  considerable  extent  in  dissipating  the  paroxysm  from  which 
she  was  then  suffering. 

During  the  two  days  that  intervened  before  the  second  visit,  she  suffered, 
but  not  so  severely  as  before.  When  she  presented  herself  for  the  third 
application,  she  had  an  encouraging  account  to  give.  For  three  nights  she 
had  experienced  absolutely  no  pain,  and  both  the  strabismus  and  the  projection 
of  the  eyeballs  were  materially  lessened.  She  continued  to  progress  towards 
recovery  during  the  succeeding  few  weeks,  until  her  neuralgia  was  entirely 
overcome,  with  the  exception  of  a  slight  unnatural  prominence  of  the  eyeballs  . 
The  eyes  were  restored  to  their  normal  appearance  and  position. 

Neuralgia  of  the  headj  accompanied  by  impairment  of  sight  and  vertigo^  in 

a  lady  aged  70.  —  Treatment  by  localized  faradization.  —  Approximate 

recovery. 

Case  44. — An  aged  lady,  between  70  and  80  years  of  age,  applied  to  us,  on 
one  occasion,  by  direction  of  Dr.  D.  B.  St.  John  Koosa,  for  the  rehef  of  a  most 
agonizing  distress  in  the  head. 

The  pains  were  evidently  neuralgic  in  character.  They  darted  over  the  head 
in  all  directions,  from  the  forehead  to  the  occiput,  but  were  most  severe  imme- 
diately behind  and  above  the  ears.  The  eyelids  were  affected  to  a  considerable 
extent,  seeming  constricted  and  heav)' ;  and  sometimes,  during  a  paroxysm  of 
more  than  ordinary  intensity,  the  sight  would  be  much  impaired  for  hours. 
When  the  severity  of  the  attack  had  abated,  she  would  be  annoyed  by  a  persis- 
tent dizzmess,  so  that  she  could  with  difficulty  stand  erect.  Previous  to  this 
attack  in  the  head,  she  had  suffered  from  similar  pains  that  extended  up  the  arm 
to  the  breast. 

A  gentle  application  of  the  faradic  current  to  the  head,  during  a  most  severe 
paroxysm,  greatly  lelieved  her. 

Not  only  was  the  pain  entirely  dissipated,  and  the  constriction  and  heaviness 
of  the  eyes  removed,  but  for  many  hours  after  she  was  entirely  free  from  ver- 
tigo. 

The  applications  were  continued  at  intervals  of  several  days,  for  a  number  of 
times,  and  accon>plished  an  approximate  cure.  Occasionally  she  suffers  from 
a  return  of  the  paroxysms ;  but  they  are  of  a  much  less  severe  character  than 
formerly,  and  are  at  once  dissipated  by  the  current. 

The  question  in  this  case  was  whether  the  pain  did  not 
proceed  from  some  morbid  cerebral  condition. 

PERIPHERAL   NEURALGIA. 

By  peripheral  neuralgia  is  meant  that  form  in  which  the  cause  is 
supposed  to  be  seated,  not  only  external  to  the  nervous  centres. 
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but  also  in  some  portion  or  branch  of  the  very  nerve  affected. 
These  causes  are  various. 

First.  Neuritis — or  more  frequently,  perhaps,  inflammation  of 
the  neurilenmia,  or  sheath  of  the  nerve — is  an  important  factor  in 
the  production  of  neuralgia.  This  inflammatory  condition,  again, 
may  depend  upon  some  form  of  mechanical  irritation,  as,  for 
example,  long-continued  pressure  of  the  child's  he?,d  in  labor,  on 
the  sciatic  plexus,  or  by  the  concentrated  poison  of  gout,  rheuma- 
tism, malaria,  or  syphilis,  acting  locally. 

Second.  Neuroma  of  spontaneous  origin,  or  as  the  result  of  a 
wound  or  other  injury  to  the  nerve,  has  long  been  recognized  as 
another  cause  of  peripheral  neuralgia. 

Third.  The  continued  action  of  cold  and  wind  upon  a  part, 
exhausting  debility,  or  excessive  fatigue,  may  give  rise  to  the  local 
fonn  of  the  disease. 

Fourth.  Wounds  or  other  injuries  of  the  nerve. 

In  many  and  perhaps  the  majority  of  cases  of  i)eripheral  neu- 
ralgia there  seems  to  be  no  special  cause. 

It  manifests  itself  without  warning,  and  sometimes  disappears 
as  suddenly  as  it  came. 

Such  cases  would  reveal  after  death  no  pathological  change, 
but  are  what  is  commonly  termed  functional  or  idiopathic  in 
character.  Whether  the  cause  lies  in  a  disturbance  of  the  electri- 
cal e(iuilibrium,  resulting  in  molecular  change  in  the  nerve-trunk, 
or  otherwise,  we  may  never  know.  Doubtless,  however,  all  pain 
depends  on  structural  change  of  some  portion  of  the  ner\'e-tissue, 
although  in  the  majority  of  cases  this  change  is  so  slight  as  to 
escajK*  detection. 

A  strong  reason  for  believing  that  a  very  large  proi)ortion  of 
apparently  peripheral  neuralgias  are  really  of  central  origin,  is  the 
fact  that  peripheral  neuralgic  pains  are  connected  with  tender 
points  on  the  spine.  This  relation  is  clearly  pointed  out  by  Trous- 
seau.* When  the  tenderness  of  the  spine  becomes  excessive  and 
persistent,  and  when  it  is  associated  with  other  important  symp- 
toms, it  receives  itself  a  distinct  nomenclature — spinal  irritation. 

In  whatever  way  we  attempt  to  explain  this  phenomenon,  it  is 

*  I^cture^  translated  hy  Bt2ire,  part  ii.,  p.  4S0. 
16 
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certain  that  neuralgia  reveals  itself  when  pressure  is  made  over 
the  spinal  processes  corresponding  to  the  point  of  exit  of  the  dis- 
eased nerve.  The  value  of  this  method  of  diagnosis  is  particu- 
larly marked  in  intercostal  neuralgia,  cases  of  which  we  so  fre- 
quently meet  Valleix*  first  indicated  three  tender  spots  in  this 
variety  of  the  disease,  viz. :  the  first,  situated  on  the  rib  near  its 
junction  with  the  spinal  column ;  the  second,  about  the  middle  of 
the  rib ;  and  the  third,  near  its  sternal  end.  Long  and  positive 
experience,  however,  shows  that  this  statement  is  not  absolutely 
correct  The  spinous  processes  corresponding  to  the  intercostal 
space  affected  are  the  tender  spots  most  important  in  the  diagno- 
sis. This  point  has  been  designated  the  spinous  point  by  Trous- 
seau, and  that  near  the  sternum  the  point  of  peripheral  expansion. 
It  is  not  alone  in  intercostal,  but  also  in  other  neuralgias,  that  this 
relation  of  the  tender  points  on  the  centre  and  periphery  is 
observed. 

Treattnent. — ^The  treatment  of  peripheral  neuralgia  should 
obviously  be  of  a  peripheral  character:  stable  faradization  and 
galvanization,  and  electric  moxa.  In  doubtful  cases,  that  refuse 
to  yield  to  this  method  of  treatment,  it  is  well  also  to  try  central 
and  general  electrization. 

Cennco-brachial  neuralgia  of  Uft  side,  of  six  months*  standing,  in  a  patient 
otkenuise  in  good  health — Recovery  under  localized  faradization  and  gal' 
vanization. 

Case  45. — Mr.  Q.,  a  stout,  vigorous  gentleman,  of  middle  life,  was  sent  to 
us  by  Dr.  Jared  Linsley,  April  i,  1869.  The  patient  complained  of  cervico- 
brachial  neuralgia  in  the  left  side.  The  pain  extended  from  the  occiput  down 
the  arm,  and  was  most  severe  at  night :  tender  point  on  the  occiput.  We 
judged  that  the  neuralgia  was  of  a  peripheral  character,  and  of  a  rheumatic 
origin. 

Three  mild  applications  of  faradization  gave  sensible  relief.  Twice  galvan- 
ization was  tried,  the  negative  p>ole  being  placed  on  the  occiput,  over  the 
tender  spot,  and  the  positive  on  the  shoulder,  or  on  the  side  of  the  seventh  cer- 
vical vertebra.  After  the  sixth  application  the  patient  announced  that  he  was 
entirely  well,  and  discontinued  treatment.  Although  both  faradization  and 
galvanization  were  manifestly  of  service  in  this  case,  yet  the  former  accom- 
plished the  chief  part  of  the  task  before  the  latter  was  brought  into  requi- 
sition. 

*  Trait^  des  Neuralgies.     Paris,  1841. 
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The  following  case  illustrates  how  utterly  futile  internal  medica- 
tion is  in  certain  of  these  affections,  and  what  a  vast  difference 
there  is  between  the  remedial  power  of  the  faradic  and  galvanic 
currents. 

A  very  severe  case  of  chronic  gastraigia  of  a  periodic  nature—four  year^ 
standing' -relieved  by  galvanization^  after  failure  of  faradization. 

Case  46. — Mr.  B.,  a  gentleman  from  Charleston,  S.  C,  consulted  us  in 
January,  1861.  The  history  of  his  case  is  substantially  as  follows :  In  the  lat- 
ter  part  of  1 861  he  was  taken  with  a  severe  attack  of  neuralgia  in  the  back  of 
the  head  and  neck.  Similar  attacks  recurred,  in  paroxyms,  every  few  weeks 
for  about  two  years.  In  December,  1863,  while  suffering  from  severe  pain, 
colchicum  was  prescribed,  to  be  taken  every  two  hours.  Not  understanding 
the  nature  of  the  drug,  he  took  it  every  half  hour  for  five  hours.  This  im- 
prudent dosing  was  followed  by  persistent  vomiting  and  retching,  which  lasted 
for  eleven  days  and  nights,  producing  excessive  prostration,  and,  in  the  end, 
total  unconsciousness. 

Acute  gastritis  supervened,  from  which  he  recovered  with  difficulty,  but  only 
to  suffer  from  neuralgic  pains  in  the  stomach,  similar  in  character  and  severity 
to  the  distress  which  he  had  previously  experienced  in  the  head.  These  par- 
oxysms were  finally  subdued  by  quinine  and  opiiun,  and  for  three  months  he 
was  comparatively  welL  In  April,  1864,  the  neuralgia  in  the  head 
returned,  for  which  he  took  a  large  dose  of  morphia.  Excessive  vomiting  was 
again  induced,  followed  by  gastralgia. 

From  that  time  until  we  saw  him,  January,  1868,  every  night  had  been 
parsed  in  intolerable  agony.  For  the  first  few  hours  after  retiring  he  would 
sleep  with  some  degree  of  comfort ;  but  about  2  to  2^,  A.M.,  the  invariable 
paroxysm  would  awaken  him,  and  banish  for  the  night  all  sleep.  It  was  his 
custom  to  take  immediately  forty  drops  of  the  tincture  of  opium,  which,  for 
the  time  being,  only  aggravated  the  distress.  By  its  influence,  however,  the  pain 
abated  in  about  six  hours,  and  in  the  intervening  time  he  experienced  only  a  dull 
aching  in  the  epigastric  region.  Time  and  again  he  had  endeavored,  by  the  advice 
of  physicians,  to  gradually  decrease  the  dose  of  laudanum ;  but  all  to  no  purpose. 

It  is  a  most  singular  and  unaccountable  fact,  that  xxxv.  gtts.  of  the  nar- 
cotic had  no  effect  whatever,  while  xl.  gtts.  would  act  as  above  stated.  With- 
out the  anodyne  the  pain  was  constant ;  but  he  had  on  several  different  occa- 
sions endeavored  to  break  off  from  the  use  of  it  altogether. 

During  one  trial  he  abstained  from  the  opium  for  nearly  a  week ;  but  the 
agony  became  so  intense,  and  his  strength  so  nearly  exhausted,  that,  notwith- 
standing a  resolute  will,  human  endurance  reached  its  utmost  limit,  and  he  was 
compelled  to  resume  its  use.  Constant  suffering  had  left  its  impress  on  his  pale 
and  wasted  features. 

He  had  a  wild  and  vacant  look,  and  his  gait  was  weak  and  tottering,  like  that 
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of  an  old  man  on  the  verge  of  the  grave.  For  a  year  past  he  had  been  seeking 
relief  at  the  hands  of  some  of  our  most  distinguished  men,  and  when  we  asked 
him  what  remedies  he  had  been  taking,  he  answered  that  it  would  be  difficult 
to  say  what  he  had  not  taken.  While  be  was  in  Canada  his  physician  had 
made  use  of  general  faradization,  but  with  no  appreciable  result. 

When  he  came  under  our  care  we  made  use  of  general  faradization,  both 
during  a  paroxysm  and  when  he  was  free  from  pain ;  but  the  faradic  current 
seemed  to  be  wholly  inoperative. 

We  then  made  use  of  a  strong  galvanic  current,  placing  the  positive  pole  on 
the  back  of  the  neck,  just  above  the  seventh  cervical  vertebra,  and  applying; 
the  negative  over  the  region  of  the  stomach,  in  order  to  affect  the  solar  plexus 
and  pneumogastric. 

The  application  seemed  to  refresh  him,  and  relieved  in  a  marked  degree  the 
vague,  dull  aching  which  was  always  present  in  the  interval  between  the 
paroxysms.  It  so  increased  his  appetite  that  in  a  few  hours  he  ate  a  hearty 
meal,  something  which  he  had  not  done  before  in  two  years. 

At  the  usual  hour  on  the  following  night  the  paroxysm  returned,  but  was 
most  singularly  located  between  the  shoulders,  while  the  stomach  was  almost 
entirely  free  from  pain.  After  the  second  application  the  pain  resumed  its 
seat  in  the  stomach,  but  was  not  of  such  a  severe  character  as  formerly. 
Believing  that  the  tonic  properties  of  the  electricity  would  enable  him  to  do 
without  the  opium  more  readily  than  on  previous  occasions,  we  advised  that  it 
V)e  discontinued.  It  was  a  most  difficult  undertaking ;  but,  for  three  weeks,  until 
he  was  imperatively  called  South,  not  a  particle  passed  his  lips.  He  received 
in  all  but  six  applications  of  the  galvanic  current,  and  although  the  cure  was 
by  no  means  complete,  yet  the  relief  he  experienced  was  positive  and  most 
gratifying. 

His  appetite  remained  permanently  better,  and  digestion  was  performed 
with  more  comfort  and  rapidity.  The  regularity  of  the  paroxysms  was  broken, 
and  their  severity  ameliorated. 

The  wild,  wandering  look  of  distress,  which  was  ever  stamped  upon  his  fea- 
tures, gave  place  to  a  calmer  and  more  hojjeful  expression.  Unfortunately, 
circumstances  rendered  it  impossible  for  him  to  remain  longer  at  the  North  ;  but 
sufficient  benefit  had  l:)een  derived,  during  the  brief  time  that  he  was  under  our 
care,  to  render  it  probable  that  still  further  amelioration  of  his  remarkable 
symptoms  would  have  been  obtained  by  a  persistent  use  of  the  galvanic  stream. 
We  were  the  more  hoixjful,  from  the  fact  that  on  a  previous  occasion  we  had 
treated  successfully,  by  general  electrization  with  the  faradic  current,  a  lady 
suffering  from  this  form  of  neuralgia,  but  of  a  less  aggravated  character. 

So  far  as  regards  the  treatment  of  this  case,  the  point  of  par- 
ticular interest  lies  in  the  fact  that  the  galvanic  current  was  of 
value  while  the  faradic  was  wholly  inoperative.     By  the  use  of  the 
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galvanic  current  the  pain  was  immediately  relieved,  the  digestion 
was  strengthened,  and  the  appetite  sharpened. 

Angina  pectoris — Temporary y  but  no  permanent  benefit. 

Case  47. — Mr.  R.,  a  gentleman  in  Ihe  prime  of  life,  had  suffered  for  several 
years  from  severe  pain  in  the  chest  and  leg.  During  a  paroxysm  he  was  much 
oppressed  for  breath,  and  this  feeling  of  oppression  he  could  easily  bring  on, 
even  by  moderate  exercise  in  walking.  It  was  a  singular  fact  that  he  could 
exercise  violently  with  his  dumb-bells  without  experiencing  any  inconvenience. 
He  had  been  previously  laid  up  on  two  or  three  different  occasions  by  attacks 
of  gout,  which  finally  left  him  in  this  condition.  He  was  evidently  affected 
with  angina  pectoris,  and  because  of  this  gouty  diathesis  but  little  encourage- 
ment was  given.  He  persevered  in  the  treatment  for  over  a  month,  during 
which  time  we  treated  him  by  both  the  faradic  and  galvanic  currents.  He 
sometimes  experienced  marked  temporary  benefit  after  a  very  powerful  appli- 
cation of  the  faradic  current,  but  the  pain  and  the  oppression  in  his  breathing 
invariably  recurred.  "We  were  able  to  afford  no  permanent  relief.  Galvaniza- 
tion of  the  pneumogastric  was  not  tried. 

Sciatica  of  nine  months'  standing,  with  anasthesia — Relief  of  symptoms  by 

four  sittings  of  general  far  adizcUion, 

Case  48. — Mrs.  M.,  aged  45,  had  suffered  for  nine  months,  almost  con- 
stantly, from  a  dull  pain  along  the  course  of  the  sciatic  nerve.  At  times  an 
acute  paroxysm  would  occur,  causing  fearful  dbtress.  She  had  been  treated  by 
cinchona,  iron,  and  ungt.  veratrise,  and,  as  she  thought,  with  some  benefit. 
The  disease  was,  however,  by  no  means  subdued,  nor  was  there  much  perma- 
nent amelioration  of  pain.  She  complained  of  a  feeling  of  numbness  all  over 
the  calf  of  the  leg,  and  at  times  she  was  quite  insensible,  in  that  part,  to 
ordinary  impressions.  The  first  application  of  the  faradic  current  was 
exceedingly  gentle,  and  as  soon  as  the  stance  was  ended  she  expressed  herself 
as  feeling  a  sense  of  general  relief.  During  the  course  of  twelve  days  four 
applications  were  given,  resulting  not  only  in  complete  amelioration  of  all  neural- 
gic pain,  but  also  in  restoration  of  the  anaesthetic  part  to  its  normal  sensibility. 
After  the  last  visit  the  joint  of  the  great  toe  of  the  affected  limb  enlarged  and 
became  quite  painful,  but  subsided  to  its  usual  size  after  a  few  applications. 

Sciatica  is  sometimes  very  obstinate. 

Neuralgia  of  left  side  of  the  head —  Treatment  by  localized  faradization — 

Relief 

Case  49. — Mr.  L.,  aged  28,  referred  to  us  by  Dr.  Samuel  T,  Hubbard,  had 
suffered  for  four  weeks  from  an  acute  attack  of  neuralgia.  The  pain  was 
confined  almost  exclusively  to  the  left  side  of  the  head,  and  was  of  such  a 
severe  character  that  he  was  able  to  obtain  but  little  sleep,  either  night  or  day. 
The  neck  became  quite  stiff,  so  that  he  could  with  difficulty  move  the  head 
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from  side  to  side.  So  constantly  and  severely  had  he  suffered,  that  nearly  all 
the  functions  of  the  body  were  disturbed.  The  appetite  was  much  impaired, 
digestion  was  performed  slowly  and  painfully,  the  bowels  were  unusually  con- 
stipated, and  the  whole  nervous  system  was  so  completely  unstrung,  that  the 
patient  was  unfitted  for  any  mental  or  bodily  effort.  It  is  proper  to  state  that 
from  the  beginning  of  the  attack  he  had  received  the  most  judicious  and  care- 
ful medical  treatment,  but  with  very  unsatisfactory  results.  A  mere  tempo- 
rary amelioration  of  his  symptoms  was  all  the  relief  that  was  afforded  by  inter- 
nal medication  or  external  application. 

A  minute  history  of  the  case  gave  no  clue  to  the  probable  or  even  possiUe 
cause  of  the  attack. 

There  was  no  hereditary  tendency  or  constitutional  taint  to  account  for  the 
affection.  The  pain  seized  him  suddenly,  after  no  exposure  or  dissipation. 
The  affected  part  was  but  little  more  than  usually  sensitive  to  the  touch  alone, 
but  an  exceedingly  mild  faradic  current  caused  excessive  pain.  The  current 
was  made  less  intense,  so  that  it  produced  no  discomfort,  and  the  application 
continued  for  about  ten  minutes. 

At  its  close  the  patient  expressed  himself  as  entirely  relieved  of  the  acute* 
pain  that  distressed  him. 

Galvanic  belts  and  disks  for  the  treatment  of  neuralgia  have 
been  recommended  by  Hiffelsheim.  He  applies  the  belts — either 
Pulvermacher'sor  Davie's — moistened  with  vinegar,  to  the  painful 
locality,  and  allows  them  to  remain  there  for  days,  weeks,  and 
even  months.  Although  Hiffelsheim  reports  some  good  results 
from  these  apj>lications,  yet  it  must  be  admitted  that  tnere  is  as 
yet  no  sufficient,  reliable  evidence  that  they  have  succeeded 
where  galvanization  or  faradization  has  failed,  or  that  they  have 
any  positive  advantage  whatever,  except,  perhaps,  for  those  who 
are  so  situated  that  they  cannot  receive  ordinary  treatment.* 

The  objections  to  and  disadvantages  of  this  method  of  treat- 
ment in  neuralgia,  as  in  all  other  affections  for  which  it  has  been 
so  widely  employed,  are  these  : — 

I.  The  current  which  they  generate  is  very  feeble  and  incon- 
stant, and  probably  does  not,  except  under  peculiarly  favorable 
circumstances,  penetrate  far  beneath  the  epidermis. 

*  The  therapeutic  results  obtained  by  wearing  galvanic  chains,  belts,  disks, 
soles,  girdles,  &c.,  must  depend  on  the  manner  of  their  construction  and  appli- 
cation. Many  of  those  which  are  sold  in  the  stores  and  extensively  and  indb- 
criminately  used  by  the  laity,  are  so  arranged  that  the  feeble  currents  which 
they  may  generate  fail  to  make  a  circuit  through  the  body,  and  recombine  in 
the  metals  themselves. 
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2.  They  can  only  be  used  locally.  Many  of  the  symptoms  for 
which  they  are  used  are  of  a  constitutional  character,  and  can  only 
be  permanently  dispelled  by  measures  calculated  to  affect  the 
whole  system. 

3.  They  are  usually,  and  sometimes  necessarily,  applied  to  the 
seat  of  the  pain  rather  than  to  the  seat  of  the  disease.  In  galvani- 
zation and  faradization  for  local  neuralgia,  it  is  found  that  the  best 
results  are  obtained  by  treating 'the  seat  of  the  disease. 

4.  They  sometimes  cause  ulcers  that  leave  permanent  cica- 
trices. 

The  benefit  that  is  derived  from  them  is  probably  due  in  part  to 
their  influence  on  the  imagination. 

These  arguments  against  the  use  of  galvanic  belts  would  be 
valueless,  if  experience  could  demonstrate  from  their  use  any  great 
utility  or  any  very  positive  advantage. 

It  is  not  impossible  that,  in  future  improvements  in  the  construc- 
tion of  these  belts  and  chains,  and  more  scientific  experiments  in 
their  use,  we  may  develop  advantages  from  them  which  they  have 
thus  far  failed  to  exhibit,  and  may  accord  to  them  a  position  in  elec- 
tro-therapeutics to  which,  from  the  results  of  the  past,  they  are 
not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively 
by  the  laity,  and  have  been  made  the  theme  of  noisy  advertise- 
ments, so  far  from  discouraging,  should  rather  stimulate  men 
of  science  who  have  any  faith  in  their  efficacy  to  rigidly  investi- 
gate and  interpret  their  claims  to  a  position  among  the  appliances 
of  electro-therapeutics. 

Those,  however,  who  experiment  with  these  contrivances, 
should  remember  that  the  mechanically  irritating  effects  of  metal 
lie  bands  applied  to  the  tender  skin  are  not  inconsiderable,  and 
that  the  therapeutic  results  which  appear  to  follow  their  appli- 
cation may  not  unlikely  be  due  wholly,  or  in  part,  to  counter-irri- 
tation. 

{For  further  remarks  on  this  subject^  see  Myalgia,) 

Facial  neuralgia  of  several  yeari  standing — Treatment  by  galvanization 

and  faradization — No  benefit. 

Case  5a — In  the  fall  of  1866  we  were  called  upon  to  examine  the  case  of  a 
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widow  lady,  who  had  for  several  years  been  the  victim  of  most  excruciating 
pains  of  the  fifth  pair.  Previous  to  the  first  attack  she  had  always  enjoyed  a 
good  degree  of  health,  and  notwithstanding  her  almost  constant  and  severe 
sufferings,  she  still  retained  all  her  strength  and  flesh.  At  first  the  pain  was 
located  in  the  superior  maxillary  branch  of  the  5th  pair,  and  for  a  time  was 
mild  in  character.  In  the  course  of  a  few  months,  however,  the  paroxysms 
became  more  frequent  and  severe,  and  the  ophthalmic  as  well  as  the  inferior 
maxillary  branch  l)egan  to  suffer.  When  presented  for  treatment  by  electriza- 
tion, the  patient  represented  that  at  no* time  in  her  waking  moments  was  she 
entirely  free  from  pain.  Paroxysms  of  intense  agony  were  excited  many  times 
during  the  day  by  a  variety  of  causes.  Any  sudden  excitement,  as  of  anger  or 
fear,  a  start  or  jar,  prolonged  effort  in  conversatioHt  and  the  act  of  eating, 
were  sufficient  to  produce  them.  In  fact,  so  excitable  had  the  affected  nerves 
Income,  that  it  was  impossible  for  her  to  eat  with  comfort  anything  but  the 
softest  food. 

The  eye  was  watery,  and  on  the  slightest  cause  became  inflamed ;  while  over 
the  mucous  surfaces  of  the  cheek  and  nosc  a  very  annoying  feeling  of  numbness 
was  frequently  present.  A  brief  course  of  treatment  convinced  us  that  we 
could  do  but  little  to  relieve  the  suffering  of  our  patient,  and  although  she  has 
since  consulted  other  ])hysicions  and  tried  many  remedies,  she  has  received  no 
l)encrit. 

Xcurai^ia  of  ilw  forcJund  of  cif^ht  months'  starniiug — Treatment  by  locai 
faradization — Rcco7'€ry  after  eight  applieations. 

Cask  51. — A  laboring  men,  aged  45,  stated  that  for  the  last  eight  months  he 
had  been  subject  to  very  iNCvcre  neuralgic  pains  that  were  located  over  the 
frontal  region. 

They  occurred  periodically,  sometimes  two,  and  then  again  three  days  passing 
without  a  return  of  the  attack.  The  jaroxysms  of  pain  generally  lasted  for 
about  two  hours ;  but  occa-sionaliy  a  whole  day  passed  without  any  relief.  In 
the  latter  ca^  the  patient  did  not,  as  usual,  perfectly  recover  before  the  next 
paroxysm,  but  was  annoyetl  by  a  constant  though  slight  vertigo.  An  applica- 
tion of  tht  faradic  current  was  made  during  the  interval  between  the  par- 
oxysms. Two  days  later  the  ])atient  presented  himself,  while  suffering  from 
an  attack  of  considerable  severity.  An  apjjlication,  given  as  l)efore,  lulled 
the  pain  to  a  great  extent,  and  for  nearly  a  week  he  had  no  return  of 
it.  When  it  returned  the  jxiin  was  much  less  acute  than  formerly.  The  }>a- 
lient  was  un<lcr  observation  some  three  weeks,  and  received  seven  or  eight 
applications. 

During  the  last  ten  days  of  treatment  he  suffered  no  relapse,  and  was  dis- 
charged as  cured. 

'I'he  character  of  the  pain  and  the  history  of  the  case  and 
treatment  declarod  for  a  peripheral  seat  of  the  disease. 
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Mild  cases  of  the  so-called  peripheral  neuralgia  are  of  every- 
day occurrence,  and  readily  yield  to  treatment  or  recover  sponta- 
neously. 

Others,  of  a  more  severe  and  persistent  type,  are  frequently 
met  with,  but  are  successfully  treated  by  the  internal  administra- 
tion of  quinine,  valerianate  of  zinc,  colchicum,  etc.,  as  well  as  by 
a  variety  of  local  applications.  Not  unfrequently,  however,  all 
the  ordinary  internal  remedies  and  external  appliances  prove  una- 
vailing. It  is  in  such  instances,  well  illustrated  by  the  following 
case,  that  electrization  is  frequently  followed  by  admirable  results. 

Severe  neuralgia  of  the  fifth  pair,  of  four  year ^  standing — Reeovery  under 

general  faradization. 

Case  52. — Mr.  M.,  aged  65,  a  man  who  had  enjoyed  most  excellent  health 
all  his  life,  stated  that  he  suffered  acutely  and  almost  constantly  during  the 
day  from  a  persistent  and  aggravated  form  of  facial  neuralgia.  When  in  per- 
fect repose,  as  in  the  night  after  retiring,  he  suffered  but  little  and  slept 
soundly ;  but  whenever  he  attempted  to  converse,  or  to  eat,  or  in  any  way  to 
use  his  |aw,  a  sharp  shooting  pain  of  a  most  intense  character,  and  attended  by 
an  increased  flow  of  saliva,  was  excited  along  the  course  of  the  fifth  pair.  The 
action  of  the  direct  rays  of  the  sun  invariably  prodiued  the  same  result. 
Some  four  years  previously,  while  at  dinner,  he  first  felt  an  acute  pricking 
pain  under  the  ear.  These  attacks  annoyed  him  occasionally,  but  in  the 
course  of  twelve  months  they  became  more  frequent  and  severe,  and  for  the 
last  two  and  a  half  years  he  had  suffered  as  stated  above.  The  first  applica- 
tion of  the  faradic  current  gave  him  immediate  relief.  The  paroxysms  of  pain 
were  excited  less  readily,  were  lejs  severe,  and  not  so  prolonged.  He  con- 
tinued to  improve  under  the  influence  of  three  more  applications ;  but  in  order 
to  hasten  the  cure,  a  galvanic  current  from  eight  cells  of  St6hrer*s  battery 
was  substituted.  The  effect  was  temporarily  disastrous.  The  paroxysms  of 
pain  returned  with  all  their  former  severity. 

Fortunately,  however,  a  few  gentle  applications  of  the  faradic  current  repaired 
the  evil  produced  in  this  case  by  the  galvanic,  and  in  less  than  six  weeks  from 
the  conmiencement  of  treatment,  and  after  having  received  fifteen  applications, 
he  had  so  far  recovered  as  to  be  unconscious  of  pain  dnring  the  ordinary  efforts 
of  talking  and  eating. 

REFLEX   NEURALGIA. 

The  term  reflex,  as  applied  to  paralysis,  is  at  once  common  and 

suggestive.     In  the  same  way  it  is  applicable  to  neuralgia. 

As  in  children  paralysis  frequently  follows   the   irritation   of 

teething  or  dysentery,  and  in  older  persons  that  of  urinary  dis- 

16* 
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ease,  so  neuralgia  of  distant  parts  may  result  from  uterine  and 
other  disorders.  Neuralgia  of  the  fifth  pair,  caused  by  a  carious 
or  false  tooth,  is  a  common  and  well-known  reflex  result  of  me- 
chanical irritation.  The  treatment  of  reflex  neiuralgia  is  by  no 
means  so  empirical  as  that  of  the  peripheral  variety.  If  a  cari- 
ous tooth  is  at  the  root  of  the  evil  it  must  be  removed. 

If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the 
gynecologist  is  called  for.  Occasionally  electrization,  through  its 
power  of  subduing  local  irritation  or  inflammation,  effectually 
relieves  the  remote  neuralgic  pain,  of  which  the  irritation  or 
inflammation  is  the  cause. 

Neuralgia  of  left  leg^  apparently  proceeding  from  ovary — Recovery, 

Case  53. — In  the  case  of  a  young  lady  who  had  suffered  for  several  months 
from  the  most  severe  neuralgic  pains  down  the  left  1^,  tactile  examination, 
revealed  very  marked  tenderness  to  pressure  in  the  left  ovarian  region.  No 
other  portion  of  the  body  was  especially  susceptible  to  the  touch.  It  is  proper 
to  state  that  the  patient  was  not  at  all  hysterical,  that  exercise  aggravated  the 
pain,  and  that  the  neuralgia  of  the  limb  was  in  proportion  to  the  tenderness 
over  the  ovary.  She  was  immediately  relieved  by  localized  faradization,  and 
completely  recovered  in  the  course  of  six  weeks,  after  having  received  twelve 
applications. 


CHAPTER  XXIII. 

ANMSTHESIA, 

Anaesthesia  is  derived  from  a,  privative,  and  aiVdavofjwxi,  to 
perceive,  and  therefore  literally  signifies  a  deprivation  of  sensation. 
It  is  a  symptom  of  some  organic  or  functional  disease  of  the 
central  or  peripheral  nervous  system.  The  kinds  of  anaesthesia 
are  as  various  as  are  the  nerve  ramifications,  and  the  symptoms 
that  accompany  it  are  modified  by  the  locality  and  causation  of 
the  disease.  All  forms  of  anaesthesia,  as  of  paralysis  of  motion, 
may  be  classified  under  these  four  general  divisions :  Constitu- 
tional, central,  peripheral,  and  reflex. 

In  the  study  of  anaesthesia,  it  is  of  prime  importance  to  dis- 
tinguish between  the  cases  of  a  central  and  peripheral  origin.  This 
question  is  to  be  determined  by  the  history  of  the  case,  by  the 
complications,  and  by  the  extent  of  the  disease. 

Among  the  constitutional  causes  of  anaesthesia  are  the  poisons 
of  lead,  mercury,  arsenic ;  certain  diseases,  such  as  syphilis,  diph- 
theria, etc.,  anaemia,  neurasthenia,  and  hysteria.  We  sometimes 
meet  with  slight  anaesthesia  of  the  right  or  left  side  of  the  body,  of 
an  upper  or  a  lower  extremity,  or  more  frequently  still,  of  a  portion 
of  the  foot,  or  of  one  or  more  of  the  fingers,  in  patients  who 
complain  of  no  other  symi)tom  of  the  disease.  Young  persons  who 
have  weakened  their  growing  constitutions  by  long  confinement 
in  stores  or  at  school,  and  adults  who  have  reduced  themselves 
into  a  nervous  condition  by  worry  and  excitement,  are  not  unfre- 
quently  attacked  either  suddenly  or  gradually  by  this  form  of 
anaesthesia,  without  experiencing  any  other  coincident  symptoms 
whatever.  The  interesting  point  in  regard  to  such  cases  is,  that 
they  are  oftentimes  easily  relieved  and  cured  by  appropriate  treat- 
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ment,  without  experiencing  any  hemiplegic  or  paraplegic  attack, 
of  which  such  anaesthesia  is  often  the  precursor. 

And  yet  it  should  ever  be  borne  in  mind  that  anaesthesia  may 
be,  and  frequently  is,  the  chief  premonitory  symptom  of  serious 
organic  disease.  It  may  be  the  only  forerunner  of  affections  of 
the  cerebrum  and  of  the  spinal  cord,  as  well  as  of  the  various 
nerve  ramifications.  Thus  hemiplegia,  locomotor  ataxy,  menin- 
gitis, myelitis,  may  all  be  preceded  by  anaesthesia  of  a  limited 
portion  of  a  limb,  of  a  hand  or  foot,  or  of  a  finger  or  toe,  or  of 
some  small  localized  spot  in  the  face  or  on  the  head.  Anaes- 
thesia is  a  very  frequent  accompaniment  of  all  the  different  forms 
of  paralysis  of  motion  in  all  their  stages. 

Among  the  more  .frec^uent  central  causes,  are  lesions  or 
irritable  conditions  of  the  brain  or  of  the  spinal  cord ;  and 
indeed,  whatever  disturbs  the-  function  of  the  nerve-centres. 
Among  the  peripheral  causes  may  be  mentioned  local  pressure 
on,  or  injuries  to,  the  nerve,  such  as  may  be  caused  by  tumors, 
aneurisms,  wounds,  inflammation  of  the  sheath  of  the  nerve,  or 
of  the  tissues  that  surround  it. 

There  are  four  kinds  of  sensibility,  all  of  which  may  become 
diminished  by  disease  : — 

1.  Tactile  sensibilitv. — This  is  the  form  which  is  most  frequent, 
and  best  api)reciatcd.  Diminution  or  loss  of  this  sense  is  usually 
known  as  aiicosthesia. 

2.  Sensibility  to  temperature — heat  and  cold. 

3.  Sense  of  pressure  or  itcig/it. 

4.  Sense  of  pain. — This  is  quite  distinct  from  tactile  sensibilit}', 
with  which,  on  superficial  observation,  it  is  often  confounded.  The 
loss  of  this  sense  is  called  analgesia.  These  different  kinds  of 
sensibility  may  be  very  unecjually  affected  by  disease.  One 
form  may  be  entirely  destroyed,  while  the  others  remain  intact. 
Thus,  while  tactile  sensibility  is  perfect,  the  prick  of  a  needle, 
when  thrust  into  the  flesh,  is  not  felt.  In  such  cases  there  is  anal- 
gesia, but  not  amesthesia. 

The  diagnosis  of  anaesthesia,  except  in  very  delicate  cases,  is 
guflficiently  easy. 

'J'he  degree  of  normal  sensibility  to  tactile  impressions  varies 
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widely  in  different  parts  of  the  body.  It  is  necessary  to  bear  this 
fact  in  mind,  and  to  make  experimental  trials  on  persons  in  health, 
in  order  to  arrive  at  correct  conclusions  in  cases  of  disease. 

The  use  of  the  compasses,  according  to  the  directions  of  Dr. 
Weber,*  will  enable  one  to  determine  in  a  very  accurate  manner 
the  condition  of  the  sensory  functions  in  health  and  disease. 

Thus,  when  the  two  points  of  a  pair  of  compasses  are  placed 
u]>on  the  inner  surface  of  the  last  phalanx  of  the  finger,  they  need 
to  be  separated, but  one  line  in  order  to  give  two  impressions, 
while,  in  the  middle  of  the  thigh,  the  points  of  the  compasses  need 
to  be  distant  from  each  other  some  fifteen  to  twenty-five  lines  in 
order  that  two  impressions  may  be  received. 

Sensation  in  the  tip  of  the  tongue  is  more  acute  than  in  any 
other  part  of  that  organ,  for  two  impressions  are  received  when 
the  points  of  the  compasses  are  separated  by  only  half  a  line  ;  and 
it  will  be  found  that,  in  the  face,  this  sense  of  acuteness  diminishes 
as  we  recede  from  the  mesial  line. 

Electro-diagnosis. — There  is  another  method  of  determining 
the  relative  sensitiveness  of  the  two  sides  of  the  body  that  we 
have  found  very  convenient  and  reliable,  and  sufficiently  delicate 
except  for  those  cases  when  the  anaesthesia  has  extended  over  the 
entire  system.  This  method  is  based  on  the  observed  fact  that 
modifications  of  sensibility  are  indicated  by  the  electric  currents. 
It  consists  in  the  application  of  the  electric  current  by  means  of  a 
brass  ball,  or  other  metallic  electrode,  attached  to  one  of  the 
poles  of  a  faradic  apparatus.  The  other  pole  of  the  apparatus 
may  be  placed  at  the  feet  of  the  patient,  or  at  the  coccyx,  or  at 
any  indifferent  point,  as  may  be  convenient. 

Different  points  of  the  body,  on  both  sides,  are  alternately 
touched  with  the  brass  ball,  perfectly  dry,  very  lightly,  and  with  a 
mild  current.  In  order  to  test  the  sense  of  pain,  the  ball  should 
be  covered  with  a  moist  sponge,  so  that  the  current  may  penetrate 
the  epidermis.  In  this  way  a  very  slight  difference  of  sensibility, 
especially  of  the  upper  and  lower  extremities,  can  readily  be 
detected.     By  gradually  increasing  the  power  of  the  current  up  to 

*  Dc  pulsu,  resorptione,  auditu  et  tactu,  annotationes  anatomicse  et  physio> 
logicae.     Lipsio;,  1834. 
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the  point  of  endurance,  the  extent  of  the  anaesthesia  can  be  ascer- 
tained with  tolerable  accuracy'.  One  great  advantage  c^  this 
method  is,  that  the  same  apparatus  with  which  we  treat  the  disease 
can  be  used  to  diagnosticate  it,  and  to  mark  the  progress  firom 
day  to  day. 

The  a^thesiometer  (eutf^i^  sensibility,  and  \^^%  measure) 

• .     was  first  introduced  into  medical 

practice  by  Brown-S^uard,  in 
1849.  At  first  he  used  a  pair  of 
compasses,  but  in  1858  he  devis- 
ed the  following  aesthesiometer. 
This  is  a  rule,  graduated  to 
millimetres.  It  is  provided 
with  two  points  —  one  fixed, 
the  other  movable.  The  mov- 
able point  indicates  the  distance 
at  which  the  points  can  be  dis- 
tinguished. In  using  it,  the  rule 
must  be  held  parallel  to  the 
surface. 

In  using  the  aesthesiometer 
the  following  niles  should  be  ob- 
served : — 

1.  Cover  the  points  with  bits 
of  cork. 

2.  Apply  the  points  simulta- 
neously. 

3.  Do  not  allow  the  patient 
to  see  the  points  when  they  are 
ai)pUed. 

4.  Make  the  application  first 
on  a  healthy  part. 

Eulenburg,  of  Berlin,  has  de- 
vised an  instrument  for  deter- 
mining the  sense  of  pressure^  to 
which  he  has  given  the  name 
barasthesiometer.       Previously, 


o 
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Fig.  56. — iEsthesiometer. 
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the  sense  of  pressure  had  been  obtained  by  means  of  weights — 
a  method  at  once  inconvenient  and  unreliable. 

Eulenburg's  instrument  consists  of  a  spring  in  a  German-silver 
tube,  which  is  connected  with  an  indicator.  The  end  of  the  spring 
is  applied  to  the  skin  by  rubber  disks  of  three  sizes.  The  increase 
of  sensation  in  any  given  case  is  measured  by  the  ratio  of  the 
additional  stimulus  to  the  original  stimulus.  The  absolute 
amount  of  the  latter  is  of  little  consequence.* 

In  this  instrument  the  highest  degree  of  pressure  is  thirty-one 
grammes — nearly  one  pound. 

Shortly  after  Eulenberg  had  devised  his  baraesthe- 
siometer,  and  before  we  had  any  knowledge  of  the 
principle  on  which  his  apparatus  was  constructed,  we 
had  conceived  the  idea  that  the  principle  of  the  inverted 
scales  might  be  made  available  for  measuring  the  sense 
of  pressure,  and  had  contrived  the  simple  instrument 
represented  in  the  accompanying  cut.  To  this  we 
gave  the  name  piesmeter  (flristfjxo^,  pressure,  and  fiirpov, 
measure).  This  is  to  be  used  in  the  same  way  and  for 
the  same  purpose  as  the  contrivance  of  Eulenbei^g. 

This  instrument  also  consists  of  a  spring  in  a  Ger- 
man-silver tube.  The  spring  is  pressed  by  a  rod,  on 
the  end  of  which  is  a  hard  rubber  disk  ^  of  an  inch  in 
diameter ;  on  the  tube  is  a  scale,  which  is  graduated 
sufficiently  for  most  practical  purposes,  though  it  may 
be  indefinitely  extended  and  refined. 

The  sense  of  pressure  is  strongest  on  the  forehead, 
tongue,  and  cheek ;  next  in  order  come  the  fingers, 
back  of  hand,  fore-arm,  and  arm ;  then  the  anterior 
portion  of  the  thigh  and  leg,  back  of  foot,  and  toes. 
The  least  sensitive  portions  are  the  back  of  thigh  and 
leg.  On  comparison,  the  relative  sensitiveness  of 
different  parts  of  the  body  to  faradization,  with  the 
relative  acuteness  of  the  sense  of  the  pressure,  ex- 
hibits a  remarkable  coincidence.  (See  Electro-thera- 
peutical Anatomy,  pp.  255,  256.) 

*  Journal  of  Psychological  Medicine,  No.  3,  vol.  4,  1870^  p.  622. 
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We  have  found  diminution  of  sensibility  to  pressure  in  locomo- 
tor ataxy  and  in  hemiplegia.  In  some  hysterical  conditions  it 
is  exalted. 

Eulenberg  has  found  a  decided  diminution  of  the  sense  of 
pressure  in  cases  where  the  sensibility  to  pain  and  to  electricity 
were  both  slightly  affected,  and  when  the  sense  of  temperature 
was  natural.* 

Treatment. — Either  general  or  localized  faradization  is  indi- 
cated, according  to  the  condition  of  the  patient.     When  the  ames- 

thesia  is  very  limited  in  its  extent,  and  the 
general  health  of  the  patient  is  otherwise 
good,  localized  electrization  is  preferable  to 
general,  because  more  convenient.  As  a 
matter  of  fact,  however,  very  many  anaesthet- 
ic patients,  whatever  may  be  the  cause  on 
which  their  symptoms  depend,  are  more  or 
less  debilitated,  and  are  benefited  by  the  con- 
stitutional tonic  effects  of  general  electri- 
zation. In  cases  of  anaesthesia  that  are  de- 
pendent on  lesion  of  the  central  nervous 
system,  galvanization  of  the  sympathetic  or 
through  the  central  nervous  system  is  some- 
times indicated.  Obstinate  cases  of  a  lo- 
calized character  are  well  treated  by  the 
electric  brush.  Sometimes  this  severe 
method  of  treatment  reveals  sensations 
Closed.  Open.      that   other   and   milder    tests    fail    to    dis- 

FiG.  58. — Electric        cover. 

The  prognosis  in  anaesthesia,  waiving  for 
the  moment  all  questions  of  causation  or  pathology,  is  usually 
very  favorable,  and  beyond  comi)arison  more  favorable  than 
that  of  paralysis  of  motion. 

One  reason  for  this  difference  is  that  anaesthesia  is  an  earlier 
symptom  of  organic  disease  of  the  nervous  system  than  motor 
paralysis,  and  is  therefore  sooner  treated.  But  we  continually 
observe,  even  when  the  two  conditions  co-exist,  as  is  so  frequently 

*  Drs.  Mitchell,  Morehouse,  and  Kecne  made  the  same  observations  incases 
traumatic  paralysis. — Gunshot  Wounds  and  other  Injuries  of  Nerves^  p.  18. 
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the  case  in  central,  spinal,  and  peripheral  paralysis,  that  the 
anatsthesia  yields  much  sooner  and  far  surer  than  the  paralysis 
of  motion. 

The  discussion  of  the  interesting  physiological  questions  sug- 
gested by  these  observations,  though  somewhat  enticing  and  sug- 
gestive, does  not  come  within  the  scope  of  the  present  work.  Of 
29  cases  of  anaesthesia  of  all  kinds  that  we  have  treated,  14 
recovered,  12  approximately  recovered,  i  was  decidedly  bene- 
fited, and  in  2  cases  the  results  were  unknown. 

Atuesthesia   of  anterior    region  of  right   thigh,  of  traumatic  origin,    of 
ten  years*  standing — Permanent  reco7'ery  under  faradization. 

Case  54. — Mr.  H.,  a  stout,  vigorous  man,  aged  29  years,  was  sent  to  us  by 
Dr.  H.  Ciregory,  of  Harlem,  to  be  treated  for  anrcsthesia  (which  had  annoyed 
him  for  many  years)  of  the  anterior  p>ortion  of  the  right  thigh.  The  only 
possible  cause  to  which  we  could  refer  the  symptoms  was  an  inci*ied  wound  that 
he  had  received  in  the  thigh,  near  the  great  trochanter,  some  ten  years  pre- 
viously. 

The  patient  could  not  positively  state  that  the  paralysis  of  sensation  imme- 
diately followed  the  injury,  since  the  ana.'sthesia  was  not  so  noticeable  as  at  a 
later  date.  The  part  had  become  so  insensible  to  ordinary  impressions,  that  it 
was  necessary  to  separate  the  points  of  a  pair  of  compasses  some  45  to  50 
lines,  before  two  impressions  were  received.  The  pricking  of  a  pin  caused  no 
sensation,  and  even  when  the  point  pcnetratc<l  several  lines  beneath  the  sur- 
face, no  pain  was  experienced. 

Dissipation  in  eating  and  drinkmg,  unusual  exercise  and  loss  of  sleep,  inva- 
riably aggravated  the  disorder.  The  first  application  of  the  faradic  current — 
made  down  the  spine  and  to  the  affected  limb — very  markedly  relieved  the 
anaesthesia,  and  after  the  third  application  the  limb  was  restored  to  its  normal 
sensibility.  At  the  fuurth  visit  he  complained  that  the  part  had  partially 
relapsed  into  its  former  am^sthetic  condition,  but  accounted  for  it  from  the 
fact  that  he  harl  spent  most  of  the  previous  night  at  a  social  gathering. 

An  application  again  relieved  the  anaesthesia.  We  found,  as  usual  in  all 
cases  of  ana^thesia,  that,  as  the  limb  progressed  toward  a  cure,  it  became 
more  and  more  sensitive  to  the  influence  of  the  current. 

After  receiving  ten  applications  the  limb  was  again  restored  to  its  normal 
sensibility,  although  occasionally,  after  unusual  exertion  and  loss  of  sleep,  it 
became  somewhat  ana^thetic. 

In  the  case  of  this  gentleman,  the  wound  before  referred  to 
was  over  the  course  of  the  external  cutaneous  nerve,  after  it 
passed  beneath  Poupart's  ligament.      Now,  anaesthesia   of  the 
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peripheral  cutaneous  nerves  follows  most  frequently  a  solution  of 
continuity  of  those  nerves,  and  it  is  not  at  all  probable  that  a 
part  rendered  anaesthetic  by  the  complete  division  of  the  nerve- 
fibres  supplying  it,  could  ever  regain  its  normal  sensibility  by  any 
method  of  treatment 

But  in  this  case  the  beneficial  results  that  followed  treatment 
by  electrization  were  due,  doubtless,  to  the  fact  that  the  nerve  had 
suffered  merely  from  contusion  and  not  division.  In  this  connec- 
tion, however,  it  may  be  well  to  say  that  it  has  been  demonstra- 
ted by  Dieffenbach,*  that  anaesthesia  caused  by  division  of 
nerve-fibres  is,  in  some  instances,  relieved  by  the  reparative  pro- 
cesses of  Nature. 

Numbness  of  left  hand  and  foot ;  general  debility — Recovery  under  gemral 

faradization . 

Case  55.-*Mr.  E.  K  ,  aged  48,  began  to  experience  a  feeling  of  numfaDesB  in 
the  left  hand  about  two  months  before  we  saw  him.  It  gradually  extended 
to  the  left  leg  and  foot,  until  April  20,  1867,  when  he  applied  to  us  for  treat- 
ment.    His  general  health  was  neither  robust  nor  greatly  impaired. 

He  was  actively  engaged  in  financial  matters,  requiring  more  than  ordinary 
attention,  and  which  brought  with  it  excessive  care  and  anxiety. 

The  affected  limbs  were  somewhat  below  the  normal  temperature  and  the 
anoesthesia  was  espeaally  noticeable  when  the  feet  were  brought  in  contact  with 
any  cold  substance.  He  exhibited  some  awkwardness  in  locomotion,  ance 
he  was  not  sure  when  the  paralyzed  member  reached  the  ground. 

We  made  use  of  general  faradization,  only  using  the  ascending  in  preference 
to  the  descending  current.  The  disease  yielded  with  remarkable  readiness  to 
the  applications,  and  after  six  \'isits,  sensation  in  the  leg  and  arm  was  perfect. 

Occasionally  the  application  of  electricity,  either  the  faradic  or 
galvanic  current,  is  followed  by  a  peculiar  sensation  of  a  reflex 
character  in  one  or  more  parts  of  the  body,  described  as  similar 
to  that  of  the  passage  of  the  current  through  the  system.  In 
such  cases  there  may  be  incipient  or  forming  disease,  or  a  morbid- 
ly irritable  condition  of  the  central  nervous  system. 

Numbness  of  right  arm  and  leg — Peculiar  result  of  faradization. 

Case  56. — Mr.  H.,  aged  34,  of  slight  build  and  nervous  temperament,  had 
been  troubled  for  some  time  by  considerable  numbness  of  the  right  arm  and 
leg.      He  had  been  under  the  care  of  Dr.   H.  Gregory,  who  recommended 

*  Romberg  on  Nervous  Diseases.      Sieveking's  translations,  voL  L,  p.  20& 
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the  use  of  electricity.     We  gave  the  patient  three  general  applications  of  the 
faradic  current,  and  succeeded  in  entirely  dissipating  this  feeling  of  numbness. 

Ater  the  treatment  he  suffered  from  slight  nervous  prostration,  and  subse- 
quently he  stated  that,  every  time  he  made  a  slight  motion  of  his  head  down- 
ward, and  a  little  to  one  side,  2l peculiar  tingling  sensation  was  always  felt 
down  the  leg  to  the  foot.  This  symptom  continued  to  annoy  him  for  several 
weeks,  when  it  removed  its  seat  to  the  arm,  and  in  a  short  time  disappeared 
altogether. 

Hysterical  hyperaesthesia  is  much  more  commonly  noticed  with 
us  than  anaesthesia. 

The  latter  condition  is  without  doubt  occasionally  overlooked, 
and  again  may  sometimes  be  feigned. 

Hysterical  anasthesia — Diminution  of  temperature  during  the  attacks — 
Great  insensibility — Gradual  improvement  and  final  recovery  under  gen- 
eral faradization. 

Case  57. — Mrs.  S.,  aged  33,  was  subject  to  frequent  attacks  of  hysteria, 
with  intense  melancholy.  She  suffered  also  from  general  neuralgic  attacks, 
which  were  followed  by  almost  complete  anaesthesia  —  commencing  at  the 
fingers  of  either  hand,  extending  up  to  the  arms,  the  shoulders,  and  face,  and 
finally  involving  the  tongue,  so  that  her  speech  was  only  in  broken  utterances. 
About  the  finger-nails  the  skin  assumed  a  dull  leaden  color.  The  pulse  was 
almost  imperceptible,  and  the  temperature  of  the  affected  parts  was  considera- 
bly  below  the  normaL  Insensibility  to  painful  impressions,  which  always 
preceded  the  loss  of  the  sense  of  touch,  was  at  first  incomplete,  but  gradually 
increased.  During  the  attack  her  memory  always  became  much  impaired,  so 
that  she  was  often  unable  to  call  to  mind  the  names  most  dear  to  her. 

The  paroxysms  lasted  from  twenty  minutes  to  half  an  hour,  and  were  followed 
by  a  severe  headache,  while  a  considerable  numbness  of  the  arms  and  hands 
remained  for  several  days.  Carbonate  of  ammonia  seemed  to  relieve  her  more 
quickly  than  any  other  internal  remedy,  but  nothing  she  had  ever  tried  had 
been  of  any  very  permanent  benefit.  An  application  of  the  faradic  current, 
made  to  the  parts  affected  during  a  paroxysm,  always  shortened  the  attack ; 
although,  while  the  anaesthesia  lasted,  the  fingers,  arms,  face,  and  tongue,  were 
insensible  to  the  influence  of  a  current  of  considerable  power. 

Treatment  by  general  electrization  was  continued  during  the  interval  be- 
tween the  paroxysms,  resulting  in  a  diminution  in  the  severity  of  each  succeed- 
ing attack,  until  in  a  few  months  they  ceased  to  trouble  her. 

Anasthesia  of  left  side  of  face,  extending  to  left  nostril  and  internal  surf  ace 
of  cheek,  and  complicated  with  paralysis  of  motion — Improvement  and  recov- 
ery under  faradization. 
Case  58. — Miss  A.  G.,  an  unmarried  woman,  aged  28,  applied  for  treatment 

for  cutaneous  anaesthesia  of  the  left  side  of  the  face.     She  was  employed  in  a 
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bookbinclery,  and  her  daily  labor  extended  over  a  period  of  from  twelve  to  four- 
teen hours.  As  a  natural  consequence,  her  general  health  had  become  some- 
what impaired. 

Her  menstrual  function  was,  however,  performed  r^^ularly;  and,  although 
her  digestion  seemed  to  l)e  vigorous,  she  was  nervous  and  anaemic 

She  gave  the  following  account  of  herself :  Some  six  months  previously,  she 
noticed,  at  the  close  of  a  day  of  hard  labor,  and  after  exposure  to  a  cold  biting 
wind,  a  slight  fechng  of  numbness  in  the  right  side  of  the  face.  This  numb- 
ness rapidly  increased,  until  in  a  short  time  the  anaestheaa  was  complete.  On 
examining  the  face  it  was  found  that  the  mouth  was  drawn  somewhat  over  to  the 
right  side.  There  was  slight  ptosis  of  the  left  eyelid,  and  the  left  cfaedc  was 
flaccid.  The  want  of  expression  was  quite  marked  on  the  afliected  side — and 
c(mtrasted  strongly  with  the  right  side  when  she  laughed,  or  entered  into  con- 
versation. She  was  entirely  insensible  to  ordinary  impressions  on  the  left  side 
of  the  face,  and  the  amusthesia  extended  to  the  left  nostril  and  the  internal 
surface  of  the  cheek. 

The  sensation  and  movement  of  the  tongue,  and  the  power  of  taste,  were 
unimpaired.  Local  applications  of  the  faradic  current  were  given  every  day 
or  two,  but  for  some  little  time  no  impression  seemed  to  be  made  on  the  dis- 
eased nerve. 

It  was  only  after  treatment  had  been  continued  two  weeks,  and  some  eight 
applications  had  lieen  given,  that  any  sensitiveness  to  the  current  was  manifest 
along  the  course  of  the  fifth  pair.  The  improvement,  however,  from  this  time, 
although  slow,  was  constant. 

In  this  case  the  rule  that  the  anaesthesia  improves  more  rap- 
idly than  the  paralysis  of  motion  was  reversed. 

The  anaisthcsia  improved  but  little  until  the  face  assumed  its 
natural  proportions,  when,  in  a  short  time,  the  normal  sensation 
entirely  returned.  The  treatment  was  continued  during  two 
months.  In  most  cases  of  anaesthesia  of  the  trigeminus,  related 
by  Romberg,  the  loss  of  sensation  was  so  marked  that  deep  prick- 
ing with  a  needle  caused  no  pain,  while  in  this  case  the  anaesthesia 
was  limited  to  the  skin  and  mucous  membrane.  Anaesthesia  of 
the  fifth  pair  of  nerv<!s  may  be  i)eripheral  or  central ;  in  the  latter 
case  there  is  coincident  paralysis  of  other  nerves  of  motion  and 
sensation,  and  hemiplegia,  more  or  less  complete,  is  often  present. 

I'he  diagnostic  symptoms  of  this  variety  of  paralysis  differ, 
according  as  the  seat  of  the  disease  is  located  in  the  course  of  the 
various  ramifications  of  the  fifth  pair,  after  it  leaves  the  sphenoid 
bone,  or  in  the  Casserian  ganglion,  or  at  the  base  of  the  brain. 
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These  diagnostic  symptoms  of  the  seat  of  the  disorder  or  lesion  are 
summed  up  by  Romberg  in  the  four  following  propositions  : — 

1.  The  more  the  anaesthesia  is  confined  to  single  filaments  of 
the  trigeminus,  the  more  peripheral  the  seat  of  the  cause  will 
be  found  to  be. 

2.  If  the  loss  of  sensation  affects  a  portion  of  the  facial  surface, 
together  with  the  corresponding  facial  cavity,  the  disease  may  be 
assumed  to  involve  the  sensory  fibres  of  the  fifth  pair,  before  they 
separate  to  be  distributed  to  their  respective  destinations  ;  in  other 
words,  a  main  division  must  be  affected  before  or  after  its  passage 
through  the  cranium. 

3.  \\Tien  the  entire  sensory  tract  of  the  fifth  nerve  has  lost  its 
sensation,  and  there  are  at  the  same  time  derangements  of  the 
nutritive  functions  in  the  affected  parts,  the  Casserian  ganglion,  or 
the  nerve  in  its  immediate  vicinity,  is  the  seat  of  the  disease. 

4.  If  the  anaesthesia  of  the  fifth  nerve  is  complicated  with  dis- 
turbed functions  of  adjoining  cerebral  nerves,  it  may  be  assumed 
that  the  cause  is  seated  at  the  base  of  the  brain. 

The  case  under  consideration,  doubtless,  comes  under  the 
second  proposition,  and  as  the  nasal  nerves  had  lost  their  func- 
tion, while  the  left  half  of  the  tongue  was  sensible  to  sensory  and 
gustatory  impressions,  and  the  surface  of  the  eyeball  was  unaffect- 
ed, the  second  branch  only  of  the  fifth  pair  was  chiefly  affected. 
Althaus  *  records  a  striking  case  of  complete  anaesthesia  of  the 
fifth  pair  that  was  much  benefited  by  galvanization,  the  positive 
pole  being  placed  at  the  nape  of  the  neck,  and  the  negative  passed 
along  the  peripheral  nerves. 

Anastkesia  of  left  side  of  the  body^  with  dyspepsia — Nervous  exhatistion — 

Improvement  utider  gentral faradization. 

Case  59. — Mrs.  J.,  aged  60,  was  referred  to  us  by  Dr.  Gurdon  Buck,  June 
18,  1868.  The  symptoms  of  which  she  complained,  and  for  which  she  de- 
sired treatment,  were  mainly  those  of  debility.  She  was  dyspeptic,  nervous, 
and  incapable  of  much  physical  exertion.  There  was  numbness  of  the  left 
hand  and  foot. 

Electric  Examination. — Very  profound  anaesthesia  of  the  whole  left  side  of 
the  body.     Over  the  left  hypochondriac  region  the  anesthesia  and  analgesia 

♦  Op.  cit.  pp.  137,  537. 
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wtre  so  mitrkeii  thai  Ihe  \uhait  strenglA  of  tki  faradic  currtnl  applitd  by  a 

tn^tnUie  eUcttod^  etltistd  no  pain  and  no  sensation. 

I'he  numbnesE  liaj]  been  of  two  feats'  stamling,  and  was  probably  due  to 

some  moibid  comlitkin  of  the  right  side  uf  the  brain- 
General  fararfiialiun  (with  arong  and  protracted  applications)  was  adminis- 
tered every  other  day  for  one  month,  with  grailiial  but  pOMtive  irapnuveiuent. 

Theie  wnu  relief  of  the  dyspepsia,  and  very  considerable  inereaaie  of  strength. 

Tht  amesthesia  was  riductd  If  a  minimum. 

The  patient  was  afterwards  debilitated  by  the  cxtteroe  heat  of  the  ^uminez  of 

1S6H;  siocc  that  time  wc  have  heard  nothing  from  her. 

The  above  case  illustrates  that  even  those  who  are  advanced 
in  years,  and  in  a  condition  of  debility,  may  sometimes  receive 
with  benefit  very  powerful  applications. 


CHAPTER  XXIV. 


PARAL  yS/S. 


Paralysis  is  a  condition  for  which,  from  the  earliest  history  of 
electro-therapeutics,  electricity  in  its  different  forms  has  been 
used  more  than  in  any  other  disease ;  and  not  until  quite  re- 
cently has  it  been  demonstrated  that  there  are  many  other  dis- 
eases in  which  the  results  of  electrization  are  even  more  rapid 
and  important. 

All  forms  of  paralysis,  as  of  neuralgia,  may,  for  the  sake  of 
convenience  of  description  of  therapeutical  indications,  be  in- 
cluded under  one  of  these  four  divisions  : — 

1.  Constitutional. 

2.  Central. 

3.  Peripheral. 

4.  Reflex. 

Constitutional  Paralysis, — This  term  is  applied  to  those  paraly- 
ses which  arise  from  some  blood-poison  or  constitutional  degene- 
ration. 

Among  the  more  common  causes  of  this  variety  of  paralysis 
may  be  mentioned  the  poisons  of  certain  diseases,  as  gout,  rheu- 
matism, syphilis,  etc.  ;  mineral  poisons,  as  lead  and  opium,  etc. 
Constitutional  paralysis  may  be  subdivided  also  into  central  and 
peripheral,  according  as  the  morbid  poison  fixes  itself  in  the 
central  or  peripheral  nervous  system.  ^ 

Rheumatic  Paralysis, — In  this  condition  electrization  is  of  con- 
siderable value.  In  those  severe  cases  of  chronic  rheumatism 
where  the  poison  has  so  affected  the  theca  of  the  nerve  or  the 
tendons  that  hideous  deformities  and  complete  loss  of  power  are 
produced,  no  method  of  treatment  avails  anything.  In  the  par- 
tial but  persistent  paralysis  that  occasionally  follows  subacute 
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muscular  rheumatism,  electrization  has  in  our  hands  proved  ex- 
ceedingly efficacious.  The  muscles  most  frequently  affected  by 
rheumatic  paralysis  are  the  deltoid  and  trapezius  (in  conse- 
quence of  which  it  becomes  impossible  or  difficult  to  lift  the  arm 
from  the  side),  the  extensor  muscles  of  the  fore-arm,  the  muscles 
of  the  lower  extremities,  and  occasionally  the  inter-ossei  and  lum- 
bricales  muscles. 

The  electro-muscular  contractility  in  recent  cases  is  nonnal ;  in 
long-standing  cases,  diminished. 

In  this,  as  in  other  forms  of  paralysis,  atrophy  of  the  muscular 
tissue  occurs  after  a  certain  length  of  time.  It  is  extremely 
important  to  begin  treatment  before  the  muscles  become  thus 
affected.  In  cases  of  rheumatic  paralysis,  where  the  invasion  has 
been  sudden  and  the  pain  considerable,  electric  excitation  pro- 
duces pain  ;  but  where  the  invasion  has  been  more  gradual  and 
unattended  by  pain,  electric  excitation  causes  very  little,  if  any 
sensation. 

Rheumatic  paralysis  of  deltoid^  of  several  months  standing — Recovery  under 

general  and  localized  faradizcUion, 

Case  60. — A  patient,  a  young  lady  aged  23,  had  heen  unable  to  raise  her 
hand  from  lier  side  for  several  months.  The  access  of  the  rheumatism  was 
gradual,  and  unattended  by  acute  i>ain,  excepting  when  pressure  was  made 
over  the  affected  muscle,  or  when  she  attempted  to  raise  the  arm.  An  appli- 
cation of  the  faradic  current  caused  pain  only  when  it  was  sufficiently  intense  to 
produce  contractions. 

The  muscle  rapidly  l>ccame  less  sensitive  to  the  influence  of  the  current, 
and  gradually  regained  its  lost  power.  The  restoration  of  strength  was  com- 
plete in  two  weeks. 

We  have  treated  quite  a  number  of  cases  of  rheumatic  paraly- 
sis of  the  deltoid,  the  trapezius,  and  of  the  lower  extremities, 
and  invariably  with  the  most  satisfactory  results.  Electrization 
is  always  indicated  in  this  condition,  and  few  cases,  doubtless, 
would  fail  to  recover  under  its  influence. 

Syphilitic  Paralysis. — Syphilitic  nervous  affections  may  exist 
either  with  or  without  appreciable  structural  change.  Paralysis 
or  neuralgia  which  results  from  secondary  syphilis  may  derive 
some  benefit  from  electrization ;  but  when  either  of  these  two 
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conditions  are  associated  with  the  tertiary  form,  they  are  gene- 
rally beyond  the  reach  of  remedies. 

In  the  latter  case  the  paralysis  or  neuralgia  may  usually  be 
ascribed  to  an  anatomical  lesion  or  a  morbid  growth. 

Lead  Paralysis. — In  slow  poisoning  by  lead  the  metal  becomes 
diffused  throughout  the  whole  system,  and  exerts  its  influence, 
though  in  an  unequal  degree,  on  every  nerve  and  organ. 

As  is  well  known,  however,  the  upper  extremities  are  most 
frequently  affected  by  paralysis  (more  or  less  complete).  The 
muscles  usually  affected  are  the  extensors  of  the  hands  and  fin- 
gers, so  that  they  hang  down  by  their  own  weight.  It  is  probable 
that  these  muscles  are  chiefly  affected  in  this  disease  as  in  hemi- 
plegia, because  they  are  weaker  and  operate  at  a  great  mechani- 
cal disadvantage.  Dr.  Hitzig,  of  Berlin,  who  has  specially 
studied  this  subject,  states  : — 

"That  the  peculiar  predisposition  of  certain  muscles  to  lead 
paralysis  manifests  itself  through  the  various  conditions  of  the 
veins  of  the  muscles."* 

M.  Tanquerel  des  Planches  saw,  amongst  113  cases  of  lead 
palsy,  93  cases  of  palsy  of  the  arms,  14  of  the  lower  extremities, 
and  6  of  general  paralysis.  The  Q\tctxo-muscular  contractility  of 
the  affected  part,  in  diis  fomi  of  paralysis,  is  always  diminished ; 
and  frequently  it  is  entirely  lost,  even  in  cases  where  there  is  little 
or  no  atrophy  of  the  muscles.  The  electro-muscular  sensibility  is 
usually  unimpaired.  Diplegic  contractions  may  appear  in  this  dis- 
ease. According  to  Hitzig,  mobility  in  cases  of  lead  poisoning 
is  lost  before  electric  contractility. 

If  the  electro-muscular  contractility  is  completely  lost,  it  is 
better  to  apply  a  mild  galvanic  current  to  the  paralyzed  part  for  a 
few  minutes  before  the  faradic  is  made  use  of.  The  latter  cur- 
rent should  be  used  daily,  and  not  longer  than  ten  or  fifteen  min- 
utes at  each  sitting.  As  soon  as  the  slightest  contractions  are 
produced  by  the  faradic  current,  the  galvanic  may  be  discon- 
tinued. 

♦  The  same  observer  further  declares  lead  poisoning  may  be  caused  by  the  man- 
ufacture of  curled  hair»  especially  where  poor  materials  are  used,  and  that  lead 
may  remain  in  the  system  a  long  time  before  the  symptoms  of  poisoning  appear. 

17 
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Paralysis  from  Opium  Poisoning. — The  tendency  of  the  action 
of  opium  on  the  system  is  to  paralyze. 

Under  its  influence  all  the  internal  secretions  diminish.  It 
affects  the  nervous  system  and  all  its  functions — ^first  exciting  and 
then  depressing  their  activity  until  unconsciousness,  and  then 
death  supervenes.  In  desperate  cases  of  poisoning  by  opium, 
electricity  has  been  repeatedly  used  with  success.  The  faradic 
current  should  be  employed. 

The  method  of  artificial  respiration  may  be  used  (see  chapter 
on  Artificial  Respiration.) 

After  recovering  consciousness  from  severe  poisoning  by  opium 
the  various  limbs  of  the  body  are  occasionally  left  in  a  perma- 
nently paralyzed  condition  that  persistently  resists  all  the  efforts 
of  nature  and  medicine.  Two  such  cases  have  fallen  under  our 
observation. 

Partial  paralysis  of  upper  and  lower  limbs,  eaused  by  an  aver^dase  of  opium. 

Improvement  under  general  faraditation. 

Case  61. — A  little  boy,  some  eight  years  of  age,  was  presented  to  us  suflering 
from  partial  paral}'sis  of  the  lower  limbs,  and,  in  a  less  degree,  of  both  arms 
also.  He  could  walk  only  with  the  assistance  of  another,  and  then  with  an 
uncertain  staggering  gait. 

His  legs  were  remarkably  small  and  cold,  his  bowels  continually  constipated, 
and  his  general  condition  feeble.  When  but  three  years  old,  his  nurse  on  one 
occasion  administered  to  him  by  mistake  a  teaspoonful  of  the  tincture  of  opium. 

By  persistent  efforts  only  was  his  life  saved  ;  but  the  shock  to  his  nervous 
system  was  so  great  that,  for  one  year  after,  l)oth  legs  were  completely  paralyzed. 
Finally  he  regained  a  portion  of  strength,  until  he  reached  the  condition  already 
described. 

The  electro-muscular  contractility  and  electro-sensibility  not  only  of  the 
limbs,  but  of  the  entire  l>ody,  was  much  improved.  The  boy  could  bear,  with- 
out pain,  a  faradic  current  of  sufficient  intensity  to  prostrate  a  grown  person 
in  ordinary  health.     The  first  general  application  seemed  to  benefit  him. 

He  felt  lighter  and  better.  Six  subsequent  stances  increased  his  appetite, 
perceptibly  augmented  his  strength,  and  relieved  his  constipation.  At  this 
time  his  legs  began  to  feel  somewhat  warmer,  while  he  was  unable  to  bear  a 
current  of  as  great  intensity  as  l)efore.  The  patient  was  under  treatment  some 
two  months,  an<l  received  al)out  twenty-five  applications.  The  temperature  of 
his  legs,  and  of  his  whole  body,  had  very. decidedly  improveil. 

His  legs  liad  grown  larger,  and  when  he  <liscontinuetl  treatment  his  general 
health  was  fair,  and  his  gait  nearly  normal. 


Hysterical  Paralysis.  387 

Hysterical  Paralysis. — The  hysterical  form  of  paralysis  may  be 
said  to  be  not  only  constitutional,  but  in  some  cases  also  reflex. 

It  is  constitutional,  because  the  entire  nervous  system  is 
degenerated  into  a  condition  of  abnormal  susceptibility.  It  may 
be  reflex,  because  its  exciting  cause  proceeds  in  many  cases  from 
the  genital  system. 

Hysterical  paralysis  is  liable  to  assume  the  form  of  general 
paralysis,  paraplegia,  hemiplegia ;  or  it  may  be  located  in  various 
parts,  as  the  hands,  the  larynx,  and  the  bladder. 

Dr.  Briquet  met  113  cases  of  paralysis  out  of  430  Hysterical 
patients.  In  6  cases  the  paralysis  was  general ;  in  46  cases  the 
left  arm  and  leg  were  affected ;  in  14  the  right  arm  and  leg ;  in  5 
both  arms ;  in  7  the  left  ann  ;  in  2  the  right  arm  ;  in  18  both  lower 
limbs ;  in  4  the  left  lower  limb  ;  in  2  the  hands  and  feet ;  in  6  the 
face  ;  in  3  the  larynx ;  and  in  2  the  diaphragm.*  An  attack  of  hys- 
terical paralysis  may  be  accompanied  by  anaesthesia,  numbness, 
and  formication,  and  as  a  rule,  is  of  brief  duration.  Occasionally, 
however,  the  attack  is  persistent,  and  so  long  as  it  continues,  it  is 
frequently  noticed  that  other  symptoms,  which  were  before  quite 
prominent,  disappear  altogether. 

Electro-Diagnosis. — In  this  form  of  paralysis,  the  electro-mus- 
cular contractility  in  recent  cases  is  unimpaired ;  in  old  cases  it 
may  be  impaired  or  lost,  or  the  electro-sensibility  may  be  very 
much  blunted.  Diplegic  contractions  sometimes  appear  in  hyste- 
ria. The  loss  of  power  is  usually  incomplete,  and  sooner  or  later 
recovery  takes  place.     (See  p.  313.) 

Treatment. — ^The  disease  is  constitutional  and  demands  general 
as  well  as  local  treatment  In  many  instances  general  electri- 
zation promotes  rapid  recovery ;  other  cases  are  very  rebellious 
and  only  improve  up  to  a  certain  point.  The  general  treatment 
may  be  combined  with  localized  galvanization  or  faradization  of 
the  affected  part     (For  prognosis,  see  p.  314.) 

The  following  case  is  an  example  of  its  influence  in  the  tran- 
sient form  of  this  affection  : — 

*  A  System  ot  Medicine.     Reynolds,  voL  2,  p.  656. 
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Hysterical  paralysis  of  right  arm — Attacks  frequently  repeated — Itrnt 

relief  from  localized  faraditatioiu 

Case  62. — A  young  lady,  of  an  excessively  nervous  organization,  was  fre- 
quently subject  to  hysterical  attacks,  when  one  of  her  arms  (generally  the 
right)  always  became  perfectly  anaesthetic  and  almost  powerless.  As  a  role, 
her  arm  remained  in  this  condition  about  an  hour. 

On  one  occasiun,  immediately  after  an  attack,  a  powerful  faradic  current 
was  directed  for  two  minutes  through  the  arm,  from  the  wrist  to  the  shoulder, 
completely  disbi^xiting  the  amesthesia  and  restoring  the  lost  power.  Many 
similar  applications,  during  subsequent  attacks,  invariably  produced  the  same 
result. 

Hysterical  paralysis  of  left  leg^  of  three  months  standings  with  impaired 
circulation  and  nutrition — Recovery  under  general  faradimaHoH  with 
special  reference  to  the  affected  limb. 

Case  63. — A  married  lady,  aged  29,  had  suffered  excessively  from  hysteria 
ever  since  her  marriage,  some  five  years  previously.  About  three  months 
before  consulting  us,  she  ol>served  that  her  left  leg  was  left  in  a  weak  condition 
after  an  hysterical  attack  of  more  than  ordinary  severity.  This  weakness 
gradually  increased  for  a  month,  until  she  required  the  support  of  a  cane.  The 
circulation  became  impaired,  rendering  the  diseased  limb  colder  than  its  fellow, 
and  causing  slight  atrophy.  While  the  applications  of  the  faradic  current  were 
directed  more  especially  to  the  paralyzed  member,  the  whole  system  was 
brought  under  its  influence.  After  each  application  the  circulation  in  the 
affected  limb  was  more  vigorous,  and  its  strength  was  temporarily  increased. 
Permanent  l^cnefit  followed  a  week  of  similar  treatment,  and  in  less  than  one 
month  the  leg  had  regained  its  usual  tem]x:rature,  size,  and  strength. 

General  paralysis  of  an  hysterical  character ^  with  loss  of  motion  of  both  the 
upper  and  loiocr  limbs^  and  seitere  atrophy  of  the  muscles  of  the  upper 
limbs — Remarkable  symptoms —  Vety  great  improvement  under  peripheral 
and  central  galvanization. 

Case  64. — Mrs.  S.,  of  Staten  Island,  aged  41,  was  the  most  remarkable 
illustration  of  the  efficacy  of  galvanization  in  paralj'sis  that  has  ever  fallen  un- 
der our  observation.  The  jiaticnt  first  came  under  our  care  Sept,  25,  1868.  Nine 
months  before  she  suffered  a  miscarriage  that  had  left  her  in  a  condition  of 
utter  helplessness.  Both  upper  and  lower  limbs  were  completely  paralyzed,  the 
only  power  remaining  being  a  slight  limited  movement  of  the  fingers.  The 
hands  were  permanently  extended,  the  intcr-ossei  greatly  atrophied,  and  the 
muscles  of  the  arm  and  fore-arm  were  so  much  shrunken  that  the  circumfer- 
ence of  the  arm  was^  diminished  to  the  extent  of  between  one  and  two  inches. 
The  lower  limbs  were  absolutely  motionless — not  a  muscle  gave  even  the  fee- 
blest res|x>nsc  to  the  will.     The  muscles  of  the  lower  limbs  were  but  little  atro- 
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phied  even  below  the  knee ;  but  the  skin  presented  a  peculiar  glossy  appear- 
ance that  is  associated  with  greatly  impaired  nutrition,  which  has  been  described 
by  Drs.  Mitchell,  Morehouse,  and  Keen.*  There  wa^  however,  no  paitty 
which  these  physicians  found  to  be  an  invariable  accompaniment  of  glossy  skin 
that  resulted  from  injury  to  a  nerve.  The  appearance  of  the  skin  may  be  best 
understood  by  comparing  it  to  a  cicatrized  wound.  This  appearance  was  most 
marked  below  the  kneesw  Both  upper  and  lower  limbs  were  very  cold  and  very  sen- 
sitive to  cold.  There  was  no  loss  of  power  over  the  bladder  or  rectum.  Appetite 
and  digestion  were  good,  but  there  was  some  dyspnoea.  The  patient  also  slept 
well  usually,  although  compelled  to  lie  constantly  on  her  back,  tmless  she  was 
turned  over.  The  important  feature  of  the  case  was  the  remarkably  healthful 
performance  of  most  of  the  vital  functions,  conjoined  with  absolute  helplessness. 
As  the  little  motion  of  her  fingers  was  not  sufficient  to  enable  her  to  gra^  even 
the  lightest  object,  it  was  necessary  for  the  nurse  to  feed  her.  Daily  she  was 
lifted  out  of  bed  and  placed  in  an  invalid's  chair  that  could  be  lowered  into  a 
horizontal  position.  To  sit  up  in  an  ordinary  chair  was  impossible,  since  the 
flexion  of  her  limbs  caiised  tmbearable  pains  in  the  joints. 

The  brain  was  usually  clear,  though  the  memory  had  been  somewhat  im- 
paired. The  patient  was  surprisingly  buoyant ;  but  sustained  mental  exertion, 
even  the  reading  of  a  short  paragraph,  was  followed  by  sensations  of  weariness. 

The  patient  was  of  a  nervous  constitution,  had  never  been  capable  of  great 
exertion,  and  for  a  long  time  before  the  attack  had  complained  of  numbness, 
tingling,  and  other  premonitory  symptoms. 

Electric  examination  showed,  as  was  expected,  absolute  loss  of  electro-mus- 
cular contractility,  in  both  the  upper  and  lower  limbs,  to  the  faradic  current.  A 
strong  galvanic  current  produced  feeble  contractions  in  the  extensors  and  flex- 
ors of  the  fore-arms,  but  none  whatever  of  the  muscles  of  the  lower  limbs. 
There  was  also  very  great  anaesthesia.  Analgesia  existed  in  the  lower  limbs. 
In  the  arms,  fore-arms,  and  fingers,  there  was  excessive  hypercesthesia  of  the 
sense  of  touchy  conjoined  with  decided  analgesia,  A  tolerably  strong  current 
localized  in  the  muscles  was  not  painful,  but  the  slightest  touch  on  the  surface 
was  unpleasant.  Two  important  features  of  the  case  were  reflex  spasms  of  the 
muscles  of  the  lower  limbs  during  electrization^  and  a  peculiar  sensation  through 
the  whole  nervous  ramification  after  electrization.  The  patient  compared  it  to 
**  waves  of  sensation'*  rolling  up  and  down  the  limbs. f  This  sensation  was 
sometimes  felt  one  or  two  days  after  the  application. 

Taking  into  consideration  all  the  facts  of  the  case — the  completeness  of  the 
paralysis,  the  loss  of  muscular  contractility,  the  absence  of  pain  in  the  limbs  or 

♦  Gunshot  Wounds  and  other  Injuries  of  Nerves.    1864,  pp.  79,  8a 

\  One  of  the  authors  has  experienced  a  precisely  similar  sensation  through 

the  brain,  s|)inal  cord,  and  all  the  ramifications  of  the  nerves,  after  an  overdose 

of  hasheesh. 
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in  the  sfMne,  the  al^scncc  of  any  morbid  sjrmptoms  in  the  rectum  or  bladder,  or 
of  X  i«\\v\^  of  ct^nstriction  in  the  abdomen,  the  absence  of  spinal  tenderness, 
01  of  A  MMiNAiion  of  }uin  when  ice  or  hot  water  were  applied  to  the  back,  and 
tho  \Ait.mN  xsiA  i^coulur  behavior  under  electrization,  we  concluded  that  the 
cjk<<  ^»A<«  one  of  A  h\>4erical  character. 

The  tivAtment  d^nsi^tetl  chiefly  in  general  and  localized  galvanization  three 
limrs  \  week.  lU^ih  methixis  were  used  at  the  same  sitting.  At  first  the 
lAi-A.iw  current  ma>  useiU  but  without  making  any  impression  on  the  disease. 
The  hi^i  A}^phc4iion  of  the  gal\-anic  current  took  immediate  effect.  The  nesct 
d.i\  the  }VkUeni  \\miK1  rAise  U>thof  her  lower  limbs  six  inches  from  the  horizontal, 
as  >he  Iav  in  her  ohAir.  The  improvement  was  permanent  and  progressive. 
AnottHM  >in);ulAr  feature  >k^<  that,  in  spite  of  her  weakness  and  helplessness, 
ih\'  )vtiiont  \^MlK)  An^)  \1iU  liear  with  benefit  protracted  apfdications.  In  order 
to  Um):  (he  whole  Uvly  under  the  influence  of  the  current  at  one  sittings  and 
A\  the  vAuu'  tune  to  ^ve  the  neeilful  attention  to  the  affected  muscles  and 
l^ix^u^v^  \'f  muN<^1eN  the  tattings  ^K-ere  mmetimes  double  the  average  length. 

lin^Mv'wment  in  the  upi^n*  limbs  followed  improvement  in  the  lower.  The 
e\ten>«Ms  AnJ  tle\or>  of  the  arm  and  fore-arm  soon  began  to  resume  their  con- 
tiAxSia;\  unvler  the  tAFAilic  current. 

Jan.,  iScKK  the  |>A(ieni  had  steadily  progressed  from  day  to  day.  Although 
h<,*AUhtul  v\mtrActivn)s  >K«^re  not  obtained  in  the  muscles  below  the  knee,  even 
unvler  the  ):AKAnio  current,  yet  the  skin  had  a  less  glossy  appearance,  and  the 
|x»\\i'i  %»f  mv^tKMi  h.\»\  j^ivAtly  increasett 

The  im)^o\enu'nt  ut  t)te  Arms  thitugh  at  first  slow,  was  subsequently  more 
r,4>x%l  in  the  up)x'r  (Km  m  (lie  lower  Hml>s.  By  Jan.  i,  both  the  arms  and 
loicAiiUN  hxl  |vuvp:iM\  enlai^<.\U  as  was  also  shown  by  measurement.  The 
)suun\'.  v\»uM  h,uuUo  Uj^hi  ohjivts  and  was  beginning,  in  an  awkward  way,  to 
l\v\l  hoiM-li.  She  v\niU)  Ml  in  ncArly  a  natural  }x>sition  in  her  chair,  and  when 
well  Hup|v»ru\l  v"\»uM  Ni.mvl  for  an  inst.int. 

l-'oiv  It  iS(K),  I  ho  (ic^inwnt  wa>  Alvinvloncvl,  l)ecause  the  patient  seemed  for 
the  uu\o  tv«  ivMn.un  NMiionAry.  .\t  that  time  Nhe  had  increased  in  weight  to 
the  oMcm,  \\  iH  |u>t  to  cxiinuie,  of  twenty-live  jx^unds  although  the  patient  was 
n\«t  wci^IunI.  nIk"  wah  aMc  to  read  short  }>aragraphs,  and  took  her  book  or 
)<i)vr  «i.iil\. 

i>n  .uv\uu\i  of  the  wciknexs  of  the  |K»ronci  muscles  of  the  right  1^,  the  foot 
luxl  aU  Alon^  o\hi^itl.^l  a  tendency  to  turn  in.     This  symptom  did  not  improve. 

.Vrtei  the  (reatmeitt  was  vliM.\>ntimu\l,  the  {patient  still  progressed. 

When  IanI  >*H,»n,  Aujj.,  1870,  sJie  had  gaini.\l  fn>m  thirty  to  forty  pounds  in 
weight,  1»A»1  nearly  full  u>e  of  l»er  amis  and  hands  which  had  regained  their  full 
sue,  AUxl  WAS  able  to  step  with  asMstance,  and  appeareil  to  be  prevented  firom 
WAlkiuj;  alone  only  by  giddiness.  She  could  re.id  for  hours  at  a  time  without 
eviVN-sive  fAtij;uo. 

The  imprin-ement  in  the  last  few  months  had  been  greatly  aided  by  system- 
atic rubbing  and  movements. 
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We  have  presented  this  case  in  considerable  detail,  partly 
because  it  was  a  most  interesting  clinical  study — being,  indeed,  a 
whole  clinique  in  itself— and  partly  because  the  case,  taking  all 
things  into  view,  the  extent  and  gravity  of  the  symptoms,  the 
extreme  impairment  of  nutrition,  and  the  rapid  and  permanent 
improvement  under  electrization,  is  one  of  the  most  remarkable 
on  record. 

CENTRAL  PARALYSIS. 

Central  paralyses  are  those  which  depend  on  some  morbid  con- 
dition of  the  brain,  spinal  cord,  or  sympathetic. 

Hemiplegia  and  paraplegia,  with  their  complications,  are  the 
more  frequent  and  imporant  manifestations  of  paralysis  of  central 
origin. 

Hemiplegia. — Hemiplegia,  which  is  the  symptom  for  which  elec- 
trical treatment  is  usually  employed,  may  arise  from  : — 

I  St.  Cerebral  effusion  following  apoplexy. 

2d.  Indurations  or  tumors. 

2fi^  A  coagulum  formed  in  an  artery,  from  altered  nutrition  of 
its  wall. 

4th.  Obstruction  of  a  cerebral  artery  by  fibrin  detached  from 
one  of  the  valves  of  the  heart. 

5th.  A  softened  condition  of  the  brain. 

6th.  Sudden  congestion  of  the  brain,  in  which  as  a  rule  the  pa- 
ralysis is  merely  temporary ;  exhaustion  of  the  brain. 

7th.  Lesion  of  the  spinal  cord  immediately  below  the  decus- 
sation of  the  pyramids. 

In  the  vast  majority  of  cases  unilateral  paralysis  of  the  body 
depends  upon  the  first  of  the  above-mentioned  causes,  viz.,  apo- 
plexy, and  it  is  in  this  condition  especially  that  electrization  is 
oftentimes  of  very  considerable  value. 

Although  hemiplegia  is  the  symptom  of  cerebral  or  central 
disease  for  which  electrization  has  been  chiefly  recommended  and 
employed,  it  by  no  means  follows  that  it  is  necessarily  more  effec- 
tive in  this  condition  than  in  some  other  of  the  accompanying 
symptoms  and  complications.  The  incipient  stages  of  disease  of 
the  brain,  which  are  variously  manifested  by  vertigo,  cephalalgia, 
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melancholy,  insomnia,  and  so  forth,  are  especially  amenable  to 
electrical  treatment.  It  is  better  to  prevent  than  to  cure.  I/tkf 
premonitory  and  incipient  symptoms  of  cerebral  disease  and  the 
attendant  nervous  exhaustion  were  always  promptly  and  skilfuUy 
treated  by  galvanization  of  the  brain  and  sympathetic  and  general 
electrization^  the  number  of  cases  of  hemiplegia  would  probably 
be  much  diminished. 

Affections  of  the  Joints. — Sometimes  in  hemiplegia  there  arises 
inflammation  of  the  shoulder-joint,  caused  by  the  pressure  of  the 
sunken  head  of  the  ann  upon  the  surface  of  the  joint 

The  symptoms  are  :  flattening  of  the  shoulder,  similar  to  that 
which  appears  in  all  paralyses  of  the  deltoid — this  may  go  on  even 
to  subluxation ;  vague  pains  in  the  arms,  that  are  increased  through 
movement ;  raising  the  arm  in  a  vertical  direction  causes  pain  and 
loud  crepitation. 

The  prophylaxis  and  treatment  consist  in  passive  movements. 
Some  cases  have  been  observed  by  Charcot  and  by  Hitzig.* 

Electro- Diagnosis. — In  the  electrical  treatment  of  cerebral 
and  cerebellar  paralysis  it  is  of  supreme  importance  to  make,  so 
far  as  possible,  a  diagnosis  of  the  precise  seat  of  the  lesion,  as 
well  as  the  general  nature  of  the  morbid  process. 

1.  When  the  morbid  process  is  in  the  large  hemispheres,  elec- 
tric examination  indicates  a  convulsive  or  exhausted  condition. 
This  condition  is  also  associated  with  convulsions  and  contrac- 
tions. By  the  aid  of  other  associated  symptoms  we  may  be  able 
to  localize  the  disease  more  definitely. 

2.  When  the  morbid  process  is  in  the  central  ganglia,  the  reac- 
tion may  be  either  normal  or  increased. 

3.  When  the  morbid  process  is  in  the  pons  or  medulla  oblon- 
gata^ there  arise  crossed  reflex  contractions.  If  this  condition  is 
associated  with  facial  paralysis,  the  lesion  may  be  regarded  as 
situated  in  the  facial  nerves.  In  crossed  reflexes  the  lesion  is  in 
the  inferior  half  of  the  pons. 

Diminution  of  reaction  in  the  healthy  side  of  the  body^  in  hemi- 
plegia, indicates  disease,  especially  tumors  of  the  pons  and  spinal 
cord. 

*  Virchow*s  Archiv,  xlviii.  p.  345.   1869. 
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Difficulties  of  swallowing  indicate  disease  of  the  pons  and  the 
medulla  oblongata. 

In  paraplegic  paralysis  from  disease  of  the  brain,  the  lesion  is 
in  the  pons  or  medulla  oblongcUa  ;  in  this  case  the  cranial  nerves 
are  also  affected.* 

Cerebral  paralysis  may  result  from  adynamia.  Electric  reaction 
is  usually  diminished  in  such  cases. 

When  dizziness  is  excited  by  a  very  mild  galvanic  current,  there 
is  reason  to  suspect  some  morbid  process  within  the  brain.  The 
diagnosis  of  the  diseases  of  the  brain  with  which  hemiplegia  is  as- 
sociated is  much  aided  by  the  ophthalmoscope,  which  frequently 
reveals  changes  in  the  optic  disc,  the  retina,  the  choroid,  and  their 
blood-vessels.  Cerebral  effusion  may  be  indicated  by  congestion 
or  infiltration  of  the  optic  discs  on  the  side  on  which  the  clot 
exists  ;  tumors  of  the  brain  by  neuritis,  neuro-retinitis,  and  ischae- 
mia  ;  softening  occasionally  by  neuritis  or  atrophy. 

It  should  be  remembered  that  the  characteristic  symptoms  of 
the  different  forms  of  cerebral  and  cerebellar  paralysis,  especially 
their  reaction  to  the  electric  current,  do  not  always  show  them- 
selves immediately  after  the  attack.  The  characteristic  reaction 
to  the  electric  current  ihay  not  appear  for  several  weeks. 


Fig.  59. — Dynamometer. 

The  dynamometer  (^uvaftij,  strength,  and  fik«rpov,  measure)  of 
Mathieu,  of  Paris,  is  a  very  useful  contrivance  for  estimating  the 
muscular  strength  of  the  hands  in  paralysis  of  the  upper  extremi- 


*  For  a  more  extended  discussion  of  the  complicated  subject  of  the  difTercn- 
tial  diagnosis  of  the  seat  of  the  lesion  in  hemiplegia,  see  Benedikt's  Electrothe- 
rapie,  pp.  210,  211. 
17* 
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ties  in  hemiplegic  patients.  This  instrument  consists  of  an  elliptical 
steel  spring,  to  which  is  attached  a  semicircle  of  gilt  brass,  upon 
which  a  scale  is  marked.  An  indicator,  with  a  small  cog-wheel  at 
one  end,  may  be  moved  freely  around  the  arc  of  the  circle  by  a 
steel  arm,  upon  one  side  of  which  cogs  are  cut,  fitting  into  those  of 
the  indicator.  The  lower  end  of  this  arm  touches  the  elliptical 
spring  when  the  indicator  points  to  zero  on  the  scale ;  a  brass 
sheath  on  the  under  side  of  the  scale  keeps  this  arm  in  place,  at 
the  same  time  letting  it  move  freely.  AVhen  pressure  is  taken  off 
the  indicator  does  not  return  to  zero,  but  remains  at  the  point  to 
which  it  has  been  carried  by  the  muscular  power  of  the  patient* 

Prognosis, — ^The  prognosis  of  hemiplegia  under  treatment  by 
electrization  is  in  general  much  better  than  has  been  supposed. 
Manifestly,  everything  depends  on  the  nature  and  seat  of  the  affec- 
tion as  well  as  on  the  age  and  constitution  of  the  patient 

The  prognosis  is  better  in  proportion  as  the  symptoms  are  uncom- 
plicated ;  better  in  the  young  and  middle-aged  than  in  the  old. 
Cases  that  are  so  thoroughly  cured  as  to  leave  no  marks  behind  are 
exceptional.  The  improvement^  however  rapidly  it  may  progress 
at  firsts  usually  stops  at  some  point  short  of  a  perfect  cure.-  It 
is  furthermore  always  necessary  to*  bear  *in  mind  the  liability  to 
other  attacks ;  very  many  cases  are  improved  at  once  and  rapidly, 
while  with  others  the  progress  is  almost  imperceptibly  slow. 

In  psychical  symptoms  (melancholia,  hypochondria,  etc.),  the 
prognosis  is  often  most  favorable.  A  persistence  of  these  psychi- 
cal complications,  even  when  other  symptoms  appear  to  yield,  we 
have  come  to  regard  as  an  unfavorable  sign. 

In  ancBsthesiaj  when  uncomplicated  with  other  symptoms,  the 
prognosis  is  remarkably  good,  even  when  variously  complicated 
with  paralysis  of  motion,  disorder  of  the  cranial  nerves,  and  the 
anaesthesia  may  yield,  even  though  its  associated  symptoms  are  not 
affected. 

In  severe  disorders  of  speech  the  prognosis  is  not  very  favorable. 
They  are,  however,  susceptible  of  treatment 

♦  Dr.  Clymer  in  Am.  edition  of  Aitken's  Science  and  Practice  of  Medicine. 
VoL  2,  p.  99a  See  also  Dr.  Hammond*  s  article  in  Psychological  JoumaL 
Vol  II,  p.  141,  1868. 
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In  impairment  of  nutrition — the  muscular  atrophy  that  so 
frequently  accompanies  hemiplegia — the  prognosis,  especially 
when  the  cases  have  not  been  too  long  neglected,  is  oftentimes 
exceedingly  favorable.  After  the  affected  lower  limbs  have  become 
much  reduced^  they  may  by  persevering  farculization  and  galvani- 
zation be  restored  to  their  normal  size. 

In  contractions  of  muscles  and  convulsions,  the  prognosis  is  un- 
favorable. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very 
favorable. 

In  affections  of  the  joints  the  prognosis  is  not  very  favorable. 
(See  p.  392.) 

Other  conditions  being  the  same,  the  prognosis  is  much  better 
for  those  cases  where  the  arm  is  not  affected ;  and  when  both  the 
arm  and  leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and 
greatest  improvement.  The  chief  difficulty  in  the  hand  is  usually 
with  the  extensors  and  inter-ossei,  which,  being  very  long  and  weak 
muscles,  and  acting  as  they  do  at  the  worst  power  of  the  lever, 
are  the  greatest  sufferers  in  hemiplegia,  and  are  very  slow  to  re- 
sume their  normal  functions. 

It  should  always  be  borne  in  mind  that  the  tendency  of  the 
disease  is  toward  recovery  up  to  a  certain  extent,  and  that  the  im- 
provement which  takes  place  in  the  early  stages,  sometimes  very 
rapidly,  is  partly  due  to  nature  and  time. 

Of  28  cases  of  hemiplegia  of  various  forms  and  degrees  in 
which  we  have  noted  the  results,  2  may  be  said  to  have  recov- 
ered entirely;  4  approximately  recovered;  10  were  decidedly 
benefited  ;  5  were  slightly  benefited  ;  4  were  not  benefited  ;  and 
in  3  cases  the  results  were  unknown.  Just  how  many  of  the  cases 
have  been  again  attacked  we  are  unable  to  say.  We  know  that 
in  two  of  the  cases  where  the  improvement  was  very  decided,  there 
have  been  renewed  attacks. 

The  Prcutitioner  records  the  following  results  of  galvaniza- 
tion : — 

**  Dr.  Emil  Fliess,  of  Berlin,  relates  the  results  of  the  treatment  of  8$  cases 
of  hemipl^a  with  the  constant  (galvanic)  current.  The  patients  were  of  all 
ages,  and  the  disease  was  of  most  various  origins  in  the  different  cases.     Two 
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methods  were  employed  :  i.  Galvanization  of  the  sjrmpathetic  by  placing  one 
pole  on  the  cervical  sympathetic  of  each  side,  or  else  one  pole  on  one  sympa- 
thetic and  the  other  on  the  spine  or  on  the  course  of  a  cerebro-spinal  nerve, 
or  on  some  indifferent  spot.  2.  Central  galvanization,  a  current  being  passed 
either  from  front  to  back  of  the  brain,  or  along  the  spinal  cord  or  *  centripe- 
tal,*  two  p>oints  of  a  nerve-trunk  l>eing  included  in  the  circuit.  Of  64  cases 
treated  by  the  first  plan,  5  were  cured  and  9  were  much  improved  ;  of  50 
treated  by  the  second  method,  2  were  cured  and  7  much  improved ;  7  patients 
were  also  cured  by  the  combined  use  of  both  methods.  Only  a  slight  improve- 
ment, or  none  at  all,  was  noted  in  the  rest  of  the  cases;  in  one  the  treat- 
ment did  harm." 

It  would  appear  from  these  statistics  of  Fliess  that  galvaniza- 
tion alone  is  far  less  efficacious  than  general  electrization.  Gen- 
eral faradization,  unaided  by  galvanization  of  the  brain  or  sym- 
pathetic, rarely  fails  to  be  of  essential  service  in  hemiplegia. 

Electrical  treatment  of  hemiplegia, — Diseases  of  the  brain  of  the 
different  varieties  are  to  be  treated  by  both  general  and  localized 
electrization,  according  to  the  indications  of  each  case.  General 
faradization  alone  is  of  immense  service  in  all  relievable  forms  of 
hemiplegia.  In  order  to  accomplish  all  possible  results  by  this 
method  of  application,  attention  should  be  given  to  the  head  and 
sympathetic  as  well  as  to  the  periphery.  It  is  unquestionable, 
however,  that  benefit  is  derived  from  applications  to  the  peri- 
phery— especially  to  the  affected  side.  General  electrization  is 
frequently  indicated  in  hemiplegia  as  in  other  manifestations  of 
disease  of  the  brain,  on  account  of  the  general  debility  of  the  func- 
tions that  accompanies  and  follows  an  attack  of  disease  of  the  brain. 
It  improves  the  general  nutrition. 

Galvanization  of  the  head  and  sympathetic  with  a  very  mild 
current  is  a  method  of  treatment  that  is  of  great  service  in  these 
conditions.  (For  method  of  galvanizing  the  brain  and  sympa- 
thetic, see  pp.  174-176.)  The  special  form  and  locality  of  the 
galvanization  will  depend  on  the  supposed  locality  of  the  disease. 

It  is  well  to  use  localized  galvanization  of  the  brain  and  sym- 
pathetic alternately  with  general  or  localized  faradization. 

There  is  little  doubt  that  this  method  of  treatment,  when  not 
overdone,  materially  aids  the  process  of  absorption ;  it  cer- 
tainly acts  beneficially  on  the  nutrition  of  the  brain,  as  of  other 
parts  of  the  body. 
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It  must  be  confessed,  however,  that  the  exclusive  use  of 
localized  galvanization  through  the  supposed  seat  of  the  disease 
in  cranial  disorder  is  far  from  being  satisfactory,  and  for  these  two 
reasons :  First,  With  all  our  improved  means  of  diagnosis  it  is 
impossible  to  fix  with  anything  more  than  approximate  certainty 
the  seat  or  even  the  nature  of  the  morbid  process  in  diseases  of 
the  brain ;  hence,  all  localization  of  the  galvanic  current  in  this  or 
that  part  of  the  head  must  at  best  be  empirical  and  tentative. 
Secondly.  Diseases  of  the  brain  are  usually  accompanied  and  fol- 
lowed by  general  feebleness  that  demands  constitutional  treat- 
ment. 

General  electrization  (galvanization  or  faradization)  thor- 
oughly used  affects  all  parts  of  the  brain  and  the  sympathetic 
at  each  application,  and  in  addition  powerfully  and  beneficially 
affects  the  entire  periphery.  The  improvement  which  is  acquired 
by  the  extremities  and  by  all  the  superficial  muscles,  and  by  the 
viscera  especially,  under  general  electrization,  we  believe  reacts 
favorably  on  the  brain  and  aids  the  reparative  process.  Our 
best  results  thus  far  have  been  obtained  by  the  alternate  use  of 
general  faradization  and  galvanization  of  the  sympathetic  and 
through  the  head. 

In  regard  to  the  time  of  beginning  treatment  after  an  attack  of 
hemiplegia,  each  case  must  be  studied  by  itself.  As  a  rule  it  is 
better  to  wait  two  or  three  weeks,  until  the  active  irritation  in  the 
brain  has  in  a  measure  subsided.  The  almost  universally  enter- 
tained idea,  that  it  is  better  in  all  cases  to  wait  three,  four,  or  six 
months,  until  the  muscles  have  been  long  atrophied  and  contract- 
ed, and  the  shoulder-joint  become  perhaps  permanently  immovable, 
before  beginning  electrical  treatment,  is  one  of  the  most  serious 
errors  of  electro-therapeutics.  If  proper  caution  be  used,  it  is 
never  necessary  to  injure  the  patient  at  any  stage  of  the  disease. 
Cases  that  are  taken  early  may  be  treated  at  first  by  exclusively 
localized  faradization;  and  afterwards,  when  that  has  accom- 
plished all  that  it  can  and  the  patient  ceases  to  progress,  it  may 
be  well  to  resort  to  general  faradization  and  central  galvanization. 
Passive  movements  of  the  limbs  and  systematic  kneading  of  the 
muscles  by  an  expert  may  be  very  advantageously  used  in  con- 
nection with  the  electrical  treatment.     Electrization  of  the  facial 
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muscles  on  the  affected  side  sometimes  materially  aids  the  speech, 
but  it  may  cause  unpleasant  symptoms,  and  in  the  early  stages 
esi)ecially  should  be  avoided.  Mild  galvanization  may  some- 
times be  used  before  faradization  of  the  muscles. 

Lift  hemiplegia — Slow  improvement  of  nutrition  and  sine  of  limbs  under 
general  fariulization  attd  localized  galvanization — Subsequent  relapses. 

Case  65. — The  patient  was  a  stout,  plethoric  man,  somewhat  past  the 
prime  of  life.  For  years  it  had  been  his  custom  to  drink  five  or  six  times 
of  brandy  daily,  although  he  rarely  became  intoxicated. 

During  the  early  i>art  of  1868,  while  stepping  from  a  Third  Avenue  car,  he 
became  unconscious  and  fell  to  the  ground,  and  although  he  arose  by  his  own 
unaided  efTorts  and  walked  several  blocks  to  his  own  house,  he  remembered 
nothing  of  the  act.  His  reason  returned  several  hours  subsequently,  when  his 
right  side  was  completely  paralyzed.  He  remained  perfectly  helpless  for  several 
weeks,  when  a  certain  degree  of  strength  gradually  returned,  so  that,  by  the  aid 
of  a  cane,  he  was  able  to  walk  short  distances.  He  first  observed  some 
decrease  in  the  size  of  the  limb  about  six  weeks  after  the  attack;  and  when 
he  began  treatment  by  electrization,  the  thigh  had  decreased  in  circmnfer- 
ence  one  inch.  There  was  considerable  diminution  of  electro-muscular  con- 
tractility and  sensibility  in  the  affected  leg,  besides  a  marked  decrease  of  the 
normal  temperature.  The  faradic  current  alone  was  used,  and  in  six  weeks' 
time,  after  receiving  twenty  applications,  the  limb  had  increased  in  circumfer- 
ence half  an  inch,  the  muscular  contractions  were  normal,  and  but  little  differ- 
ence could  be  noticed  Ijetween  the  temperature  of  the  two  limbs.  In  the 
treatment  of  this  case  it  was  not  supposed  that  we  should  be  able  to  remove 
the  cause. 

The  process  of  absorption  was  apparently  slow,  but  atrophy  of  the  muscles  was 
at  once  arrested.  The  normal  electro-nmscular  contractility  was  restored,  the 
temperature  of  the  limb  was  increased  several  degrees,  and  its  nutrition 
generally  was  so  much  improved  that  it  regained  its  original  size. 

Two  years  subsequently  the  patient  was  again  attacked,  and  was  again 
treated  with  slight  benefit. 

Right  hemiplegia  coming  on  gradually^  with  numbness  and  coldness  in  right 
leg  ;  slight  amesthcsia  of  right  hand^  and  considcrcd»le  of  right  leg  ;  some 
diminution  of  electro-muscular  contractility  in  right  leg — Gastralgia^ 
insomnia^  and  great  mental  depression — Important  improvement  under 
general  faradization  and  peripheral  galvanization — Subsequent  renewed 
attack. 

Case  66. — Hon.  Mr.  G ,  aged  52,  for  many  years  U.  S.  senator,  was  re- 
ferred to  us  Oct.  19,  1868,  by  Prof.  Austin  Flint.  During  the  excitement  of 
the  Impeachment  Trial  the  patient,  whose  constitution  was  always  supposed 
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to  be  of  the  strongest,  observed  a  feeling  of  coldness  of  the  right  leg  at  night. 
This  coldness,  however,  was  not  very  marked,  since  his  attention  was  first  called 
to  the  condition  by  his  wife.  One  day,  while  in  Congress,  and  shortly  after  the 
delivery  of  his  opinion  on  the  Impeachment,  he  experienced  a  slight  attack  of 
hemiplegia,  which  he  endeavored  to  walk  off. 

Before  coming  to  New  York,  he  had  received  the  very  pernicious  advice  to 
take  vigorous  and  severe  muscular  exercise.  Acting  upon  this  unfortunate  sug- 
gestion, he  had  seriously  injured  himself  at  the  exhausting  labor  of  chopping 
wood.  He  grew  decidedly  worse,  and  became  exceedingly  depressed.  Under 
the  advice  and  medication  administered  by  Prof.  Flint  he  had  measurably  im- 
proved, and  at  the  time  we  first  saw  him  there  was  a  tendency  toward  recovery. 
He  complained,  however,  of  persistent  insomnia,  considerable  gastralgia,  with 
indigestion,  pain  in  the  lower  part  of  the  back,  and  very  great  mental  depression. 

Electric  examination, — Slight  anaesthesia  of  right  hand;  considerable  of 
right  leg;  some  diminution  of  electro-muscular  contractility  in  the  muscles 
above  the  knee  on  the  right  side ;  no  diminution  of  electro-muscular  sensibil- 
ity; the  volitional  power  of  the  muscles  was  intact,  and  the  patient  could 
walk  a  considerable  dbtance. 

The  case  demanded  a  general  tonic  as  well  as  merely  local  treatment,  and  we 
accordingly  used  general  faradization  daily,  or  every  other  day,  occasionally 
making  use  of  galvanization.  It  was  not  long  before  improvement  was  mani- 
fest in  all  the  leading  symptoms.  He  soon  began  to  sleep  and  to  digest  better, 
and  was  much  relieved  of  the  pains  in  the  back.  At  the  end  of  five  weeks  the 
patient  abandoned  treatment,  and  so  far  improved  that  in  the  early  part  of 
December  he  resumed  his  seat  in  Congress,  and  during  the  entire  winter  con- 
tinued in  the  exercise  of  his  official  duties. 

While  under  treatment  by  electrization,  he  at  the  same  time  continued  the 
use  of  bromide  of  potassium  and  other  internal  remedies,  with  special  reference 
to  the  affection  of  his  stomach.  Inasmuch,  however,  as  he  had  been  taking  these 
remedies  before,  and  as  the  improvement  received  important  and  quite  rapid  ac- 
celeration shortly  after  electrization  was  commenced,  it  seems  fair  to  infer  that 
this  improvement  was  mainly  due  to  the  latter. 

In  the  spring  following  the  patient  visited  Europe,  where,  as  we 
were  informed,  he  was  engaged  to  plead  in  a  case  at  law.  The  ex- 
citement brought  on  a  new  attack,  and  that  again  was  followed 
by  another,  which  left  him  in  a  condition  of  despondency  from 
which,  however,  he  has  slowly  rallied. 

Hemiplegia  associated  with  decided  atrophy  of  the  leg — Rapid  increase  in  the 
size  0/  the  limb  following  the  use  of  the  locaUted  and  general  faradization 
and  galvanization  of  sympathetic. 

Case  67.— Mr.  Y ,  aged  about  60,  was  sent  to  us  by  Dr.  De  Forrest 

WoodnifT,  Sept.,  1869.     About  six  months  previously  the  patient  had  suffered 
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from  a  severe  attack  of  apoplexy,  resulting  in  paralysis  of  the  left  side  of  the  body. 
In  four  weeks  he  so  far  recovered  that  he  could  walk  to  a  carriage,  and  in  three 
months  was  able  to  walk  out  at  pleasure  and  unattended.  The  left  Leg  had, 
howe\'er,  decreased  in  size,  measuring  in  circttmference  three-quarters  of  an  indi 
less  than  its  fellow  of  the  opposite  side. 

Fifteen  applications  of  the  faradic  current  increased  the  circumference  of  the 
limb  in  one  month  half  an  inch. 

Hemiplegia  of  left  fide  in  an  octogenarian — Slight  temporary  improvtwunt 
under  three  faradizations — No  further  treatment. 

Case  68.— Rev.  Dr.  G.  S ,  aged  86,  was  sent  to  us  June  24,  1869,  by  Dr. 

Willard  Parker,  ^ith  hemiplegia  of  left  side,  the  result  of  a  slight  apoplectic 
attack  three  weeks  before. 

The  patient,  though  so  very  old,  had  enjoyed  most  excellent  health  until  the 
time  of  the  attack,  and  until  the  age  of  eighty  had  filled  a  responsible  and 
lalx>rious  position  as  pastor  of  a  prominent  church  in  the  city. 

Electric  examination  showed  no  loss  of  electro-muscular  contractility  in 
the  affected  side ;  volitional  power,  though  sensibly  impaired,  was  sufficient 
to  enable  the  patient  to  walk  with  the  aid  of  a  cane.  No  disorder  of  ^)eedi  or 
of  intellect.     The  hearing  had  been  for  a  long  time  greatly  impaired. 

Three  applications  of  local  faradization  gave  some  temporary  relieC  The 
patient  then  went  into  the  country,  since  which  time  we  have  heard  nothing  of 
him. 

The  above  case  is  of  interest,  as  showing  that  even  in  the  very 
aged  electrical  treatment  may  be  used  without  injury. 

lleviiplcgia  of  lift  side,  of  four  months*  standing,  complicated  with  affection 
of  shoulder -joi  ft  t  and  atrophy  of  muscles  of  fore-arm  ;  diminution  of  elee- 
tro-muscular  contractility  and  sensibility — Some  improvement  under  gen- 
cral  faradization — Relapse  possibly  caused  by  too  severe  galvaniuttion  of 
head. 

Case  69. — Mr.  D.,  aged  60,  was  referred  to  us  Oct.  12,  1868,  by  Professor 
Isaac  Jl.  Taylor.  Four  months  before  the  patient  was  prostrated  by  a  stroke 
of  ai>o]ilcxy,  from  the  effects  of  which  he  had  slowly  rallied.  The  attack  had 
l)ccn  ])recctled  l)y  severe  anxiety,  that  was  supposed  to  be  the  leading  cause  of 
his  afliiction.  At  the  time  we  first  saw  the  patient  he  was  confined  to  bed,  his 
left  arm  useless  by  his  side,  and  only  with  great  difficulty  and  pain  could  be  for- 
cibly extended.  It  was  a  task  to  raise  him  from  his  bed  to  the  invalid's  chair 
by  its  side. 

Electric  examination, — Great  diminution  of  electro-muscular  contractility 
and  sensibility  in  the  arm,  with  considerable  amcsthesia  and  slight  diminution 
of  electro-muscular  contractility  in  muscles  of  leg  above  the  knee  ;  but  very  little 
ana.'sthcsia. 

The  extensors  and  flexors  of  the  fore-arm  were  much  atrophied,  and  the  skin 
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of  the  hands  presented  a  dry,  shrivelled  appearance.  The  shoulder-joint  was 
moved  only  with  pain  and  difficulty,  and  presented  many  of  the  features 
described  in  the  cases  of  Charcot  and  Hitzig. 

Psychical  symptoms  were  prominent,  the  patient  being  excessively  nervous, 
somewhat  irritable,  timid,  and  so  sensitive  as  easily  to  be  moved  to  tears.  The 
conjunctiva  of  both  eyes  considerably  injected,  pain  through  the  brow  and  in 
the  side  and  back  of  the  head  on  the  right  side ;  very  much  constipated  ;  fair 
appetite ;  no  difficulty  of  speech.  The  prognosb  for  recovery  was  not  favor- 
able. 

Under  general  faradization  the  patient  was  temporarily  benefited,  and  for 
several  weeks  retained  considerable  improvement.  He  was  able  to  step  with 
assistance  ;  felt  more  hopeful ;  electro-muscular  contractility  in  left  1^  nearly 
normaL  Dec.  15  we  resorted  to  localized  galvanization  of  the  head,  with  at 
first  n^;ative  and  afterwards  apparently  unpleasant  results.  That  the  galvanic 
current  was  used  too  strong  or  too  long  for  the  condition  of  the  patient  we  had 
some  reason  to  suspect  from  a  relapse  that  occurred  Dec.  21.  The  symptoms 
almost  indicated  effusion.  The  patient  lay  for  some  hours  in  a  semi-comatose 
condition,  and  the  muscles  of  the  affected  limb  relapsed  into  their  former  condi- 
tion.    He  again  somewhat  improved  under  treatment. 

While  hemiplegia  in  the  majority  of  insjtances  doubtless  depends 
on  some  serious  anatomical  lesion  of  the  brain,  it  may  occur  with- 
out demonstrable  organic  change.  It  is  doubtful  whether  there 
can  be  any  serious  disturbance  of  the  functions  of  the  body  without 
corresponding  structural  change.  Since,  however,  in  many  cases 
of  incurable  disease  science  utterly  fails  to  detect  anatomical 
lesions,  we  are  under  the  necessity  of  clinging  to  the  term  func- 
tional^ as  descriptive  of  this  condition.  Any  or  all  of  the  functions 
of  the  great  nervous  centre  may  be  disturbed  from  what  we  call 
purely  functional  causes.  Prolonged  intellectual  exertion  or 
excessive  mental  depression  may  cause  temporary  and  even  very 
prolonged  paresis  of  the  intellectual,  sensory,  or  motor  functions  of 
the  brain. 

Among  others,  the  following  case  presented  an  excellent  oppor- 
tunity of  studying  an  example  of  paralysis  from  the  foregoing 
causes  :— 

Case  70. — Mr.  H.,  a  bank  president,  aged  about  45,  after  having  enjoyed 
excellent  health  previously,  and  having  always  led  a  correct  life,  was  suddenly 
prostrated  one  morning  while  dressing,  by  a  slight  sensation  of  vertigo  and  a 
feeling  of  utter  exhaustion.  In  the  course  of  an  hour  these  symptoms  were  fol- 
lowed by  a  partial  paralysis  of  the  right  side.     He  was  unable  to  walk  alone. 
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hut  if  allowed  to  lean  on  another  for  sopport,  be  could  doiwly  and  with  diffi- 
culty make  his  way  from  one  room  to  another.  In  order  that  the  case  may  be 
fully  apprcciatcHl,  it  will  be  necessary  to  notice  his  physique  and  qfieak  briefly  of 
his  past  history.  He  was  tall  and  vfery  thin,  with  a  tendency  to  anaemia  rather 
than  to  plethora.  He  had  always  enjoyed  a  fair  degree  of  health,  and  for 
many  years  there  had  been  scarcely  a  perceptible  variation  in  his  weight.  His 
present  position  was  not  at  all  onerous,  but  most  of  his  life  had  been  spent  as 
head  of  a  business  firm  that  had  taxed  his  energies  to  their  utmost. 

For  some  months  previous  to  his  illness  he  had  suffered  from  excessive  anxiety 
because  of  fmancial  embarrassments,  but  especially  because  of  the  ineffi- 
ciency and  carelessness  of  his  son,  to  whom  he  had  intrusted  certain  details 
of  business  of  much  importance.  Hb  mental  condition  produced  ingrwimiit 
that  fmally  resulted  in  a  sudden  collapse  of  the  debilitated  nerve-centre.  An 
application  of  general  faradization  caiised  immediate  but  only  temporary  ii 
in  the  jx^wcr  of  the  jxiralyzed  members,  as  may  be  so  frequently  noticed  in 
of  liemiplcf^ia  following  effusion.  On  the  succeeding  day,  however,  very  marlff*! 
and  {xirmaiient  improvement  was  observable,  an  idea  of  which  may  be  conveyed 
by  stating  that  he  was  able  to  do  what  before  was  impossible,  viz.,  put  on  his 
])ants  without  assistance. 

Trcitiucnt  was  given  every  other  day,  and  resulted  in  very  rapid  progrea 
toward  recovery. 

In  the  course  of  a  month  he  could  walk  with  such  ease  and  readiness  that  no 
one  would  have  su])]x)sed  that  he  was  in  any  way  disabled.  He  could  not, 
however,  run  with  any  ease  or  comfort ;  and  although  nearly  two  years  have 
elapsed  since  treatment  was  discontinued,  he  does  not  feel  that  he  is  able  to 
ciigaj^e  in  any  exercise  more  severe  than  a  rapid  walk. 

Ptohahli'  cerebellar  paralysis  of  tivo  montlis*  standing  ;  right  leg  and  left  arm 
most  affected — Approximate  recoz'ery  under  general  faradization. 

Cask  71. — Mr.  F.  H.  C,  aged  about  50,  was  referred  to  us  by  Drs.  Purple 
of  this  city  and  Cooixir  of  Brooklyn.  The  patient,  who  for  many  years  had 
attended  to  his  business  affairs  with  remarkable  diligence,  and  had  uniformly 
enjoye^l  most  excellent  health,  stated  that  during  the  last  two  years  his  strength 
had  sensibly  declined. 

St)ine  two  nu)nlhs  previously,  while  in  a  stooping  position,  he  was  suddenly 
seized  with  vertigo,  together  with  an  appreciable  loss  of  power  in  the 
right  leg  and  left  arm,  and  marked  amxjsthesia  in  the  right  foot.  Several 
recurring  attacks  induced  his  physicians  to  submit  the  patient  to  the  influence 
of  electrization. 

Nov.  23,  1869,  the  |>atient  received  his  first  application  of  a  mildfaradic  ctur- 
rent  to  the  head,  neck,  spme,  and  extremities.  At  this  date  he  was  quite  weak 
and  remarkably  nervous. 

No  special  improvement  was  noticed  after  the  first  and  second  applic^ations, 
but  the  third  resulted  in  a  sensible  decrease  in  tlie  intensity  of  tlie  amesthesia. 
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Every  succeeding  application  imparted  strength  to  his  limbs  and  improved  his 
general  condition,  and  in  two  months  he  had  approximately  recovered. 

GLOSSO-LARYNGEAL   PARALYSIS    (gLOSSO-PHARYNGEAL   PARALYSIS). 

The  distinctive  features  of  this  affection  are  paralysis  of  the 
muscles  of  the  tongue,  lips,  soft  palate,  and  also  of  the  pharynx 
and  larynx.  There  is  difficulty  both  in  speaking  (especially 
in  pronouncing  certain  letters)  and  swallowing.  The  saliva  drib- 
bles. Food  is  sometimes  forced  into  the  nostrils  or  larynx.  In 
the  last  stage  there  is  debility  and  difficulty  of  respiration. 

These  symptoms  are  caused  by  atrophy  of  the  motor  roots  of 
the  nerves,  with  gradual  destruction  of  the  nerve  tissue.* 

Prognosis. — This  disease  is  believed  to  be  surely  fatal  in  a  few 
months.  Faradization  of  the  pharynx  and  tongue  is,  however,  of 
essential  service  in  relieving  the  difficulty  in  deglutition,  and  also 
some  of  the  other  symptoms. 

Glosso-pharyngeal  paralysis  of  nine  months^  standing — Great  difficulty  in 
speaking  and  swahowing — Temporary  and  decided  improvement  under 
faradization  and  galvanization  of  the  affected  parts. 

Case  72. — Mr.  K ,  aged  43,  a  short,  stubby,  plethoric  German,  consult- 
ed us  May  18,  1867,  with  marked  and  typical  symptoms  of  glosso-pharyngeal 
paralysis.  His  difficulty  of  speech  was  very  great,  and  any  attempt  to  read  was 
exceedingly  ludicrous.  H  is  especial  difficulty  was  in  pronouncing  certain  vowels, 
as  a,  u.  In  eating,  particles  of  food  were  thrown  up  in  the  upper  and  posterior 
pharyngeal  space,  and  liquids  sometimes  were  expelled  through  the  nostrils. 

The  patient  referred  the  banning  of  his  symptoms  to  a  very  severe  cold. 

Three  localized  faradizations  were  followed  by  manifest  improvement  in  most 
of  the  symptoms,  and  especially  in  the  swallowing. 

May  29  galvanization  was  commenced,  and  was  continued  with  still  further 
improvement  both  in  speaking  and  swallowing. 

Of  the  issue  of  the  case  we  have  never  heard. 

Glosso-pharyngeal  paralysis^  with  hemiplegia  of  left  side  of  three  yeari 
standing — Chronic  pharyngitis — No  improvement  under  a  short   course 
of  electrization. 

Case  73. — Capt.  George  H.,  aged  55,  consulted  us  on  Oct.  15,  1866,  with 
symptoms  of  hemiplegia  and  glosso-labial  paralysis.  Certain  letters,  as  h,  p,  he 
could  not  articulate,  and  conversation  was  a  matter  of  considerable  difficulty. 
He  could  walk,  but  needed  assistance  in  ascending  stairs  or  crossing  streets. 

*  Vide  Trousseau's  Lectures,  Bazire*s  Translation,  part  i,  p.  130;  also, 
Aitken*s  Practice,  vol  2,  p.  505,  for  a  fuller  account  of  this  disease. 
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The  accompanying  symptoms  were  in  every  way  discouraging.  The  patient 
wxs  partially  insane.  Naturally  kind  and  genial,  he  had  become  excessivdy 
irritable  and  inconsiderate ;  was  at  times  impatient  and  violent. 

l/ocalizcd  and  general  faradization,  attempted  for  a  short  time,  proved  of  no 
ser\'ice,  and  the  patient  was  not  encouraged  to  continue  treatment.  We  after- 
wards learned  that  his  symptoms  gradually  became  worse,  m  ^te  of  various 
hyilroiKithic,  eqtializing,  and  other  methods  of  cure  that  he  attempted,  and  in 
three  years  he  died. 

SPINAL  PARALYSIS — PARAPLEGIA. 

Paralysis  of  the  lower  limbs  (paraplegia),  or  general  paralysis, 
may  result  from  a  variety  of  morbid  conditions  of  the  cord.  The 
exact  differential  diagnosis  of  the  various  morbid  conditions  of 
the  spine  is  usually  a  matter  of  considerable  difficulty,  and  for 
these  three  reasons : — 

1.  All  known  morbid  conditions  of  the  cord  have  more  or  less 
symptoms  in  common.  Thus,  for  example,  paralysis  of  the  lower 
limbs  with  anaesthesia  and  diminution  of  electric  irritability,  feeling 
of  constriction  around  the  body,  tenderness  of  the  spine,  pain, 
heaviness,  and  burning  in  the  back,  with  affections  of  the  bladder, 
rectum,  and  sexual  organs,  may  result  from  a  number  of  species 
of  organic  diseases  of  the  cord.  In  order  that  any  of  them  may 
be  of  special  diagnostic  value,  it  is  necessary  that  they  should  be 

m 

taken  in  connection  with  other  symptoms. 

2.  Many  of  the  morbid  conditions  of  the  cord  overlap,  run 
into,  or  are  complicated  with  each  other,  and  the  symptoms  must 
be  correspondingly  complex.  Thus,  meningitis  may  exist  with 
myelitis,  and  the  term  myelitis  itself  is  a  genus  of  which  there 
are  several  species.  It  is  difficult  to  draw  the  line  where  irrita- 
tion ends  and  congestion  begins,  and  equally  difficult  to  deter- 
mine at  what  stage  a  condition  of  hypenemia  or  congestion  be- 
comes a  condition  of  inflammation.  The  pathological  condition 
that  gives  rise  to  the  symptoms  of  locomotor  ataxy,  degeneration 
of  the  posterior  column,  disintegration  of  the  posterior  comua, 
may  pass  into  and  become  complicated  with  disease  of  the 
anterior  comua,  with  the  symptoms  of  muscular  atrophy. 

3.  Many  of  the  symi>toms  associated  with  paraplegia  or  gen- 
eral paralysis  are  common  not  only  to  the  different  species  of 
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myelitis,  spinal  hyperaemia,  and  spinal  paresis,  but  also  to  locomotor 
ataxy  and  spinal  irritation  (diseases  in  which  true  paralysis  does 
not  exist),  and  to  hysteiia  in  certain  lesions  of  the  brain.  The 
difficulty  is  rendered  greater  by  the  fact  that  disease  of  the  brain 
and  spine  may  co-exist. 

By  the  combined  study  of  the  special  symptoms,  the  history  of 
the  case,  and  the  results  of  treatment,  it  is  possible,  however,  to 
make  a  tolerably  accurate  differential  diagnosis  in  nearly  all  cases 
of  disease  of  the  spinal  cord. 

Of  the  various  symptoms  of  disease  of  the  cord,  those  which  point 
to  some  variety  or  stage  of  myelitis  are  anaesthesia  and  paraplegic 
paralysis ;  a  feeling  of  a  cord  around  the  body  ;  a  loss  of  control 
over  the  bladder  and  rectum  ;  feeling  of  burning  when  a  piece  of 
ice  or  sponge  filled  with  warm  water  is  applied  near  the  seat  of 
the  disease  ;  atrophy  of  muscles  of  lower  limbs ;  bed-sores,  no 
necessary  pain  in  the  back  or  tenderness  of  the  vertebrae  on 
pressure.  Those  which  point  to  spinal  congestion  are  incomplete 
paraplegic  paralysis  ;  tingling  in  the  extremities ;  twitching  of  the 
muscles ;  heaviness  and  dull  pain  in  the  spine,  increased  by  a 
recumbent  position  or  by  exercise ;  no  disposition  to  bed-sores  \  no 
want  of  control  over  bladder  or  rectum  \  absence  of  anaesthesia. 

The  symptoms  which  point  to  chronic  meningitis  are  pain  on 
motion  of  the  spine  or  lower  limbs  ;  twitchings  of  the  muscles  ; 
incomplete  paralysis ;  difficulty  of  breathing.  In  all  these  three 
conditions,  myelitis,  meningitis,  and  congestion,  spinal  tenderness 
may  or  may  not  exist,  according  to  the  stage  and  degree  of  the 
disease.  It  is  more  likely  to  occur  in  the  earlier  than  in  the 
later  stages ;  difficulty  of  walking  comes  on  gradually.  In  all 
these  conditions  there  may  also  be  the  shooting  pains  in  the 
lower  limbs,  and  either  coldness  or  heat  of  the  extremities — usually 
the  former. 

In  all  these  conditions,  also,  reflex  action  may  be  diminished, 
increased,  or  destroyed. 

Those  symptoms  which  point  to  simple  spinal  exhaustion  are 
the  hysterical  tendency,  absence  of  the  usual  symptqms  of  organic 
disease,  and  rapidity  of  recovery. 

The  presence  of  a  tumor  may  be  suspected  when  the  reflex  move- 
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ments  are  exceedingly  violent,  when  the  lower  limbs  are  drawn  up 
and  spasmodically  tlexed. 

The  one  symptom  that  induces  a  suspicion  of  hemorrkagej  or 
serous  effusion  in  the  cord  is  paraplegia  with  suddenness  of  the 
attack. 

Softening  may  be  suspected  by  the  observance  of  cramps,  pain 
in  spine,  and  other  symptoms  of  active  inflammation  or  congestion. 

Spinal  Sclerosic  Paralysis  is  indicated  by  the  formative  stage  of 
weakness  in  lower  limbs,  tremor  following  weakness  and  excited 
by  movement,  and  later  by  rigidity  of  limbs  and  spasms.* 

Comparing  these  symptoms  with  those  of  the  first  stages  of 
locomotor  ataxy  and  spinal  irritation,  it  will  be  seen  that  some 
are  common  to  all  these  conditions,  and  that  the  differential  diag- 
nosis can  only  be  made  out  by  the  subsequent  history  of  the  case. 

Ophthalmoscopic  Examination  of  Retina, — Bouchut,  who  has 
pecially  studied  cerebroscopy,  thus  epitomizes  his  conclusions 
concerning  the  relation  of  diseases  of  the  spine  to  retinal  appear- 
ances : — 

^^  The  diseases  of  the  spinal  cord,  such  as  acute  myelitis,  spinal 
sclerosis,  locomotor  ataxy,  &c.,  produce  usually  a  congestive 
lesion,  and  subseciuently  atrophy  of  the  optic  papilla." 

**  The  lesions  of  the  optic  nerve  producing  spinal  disease  are 
the  result  of  a  reflex  ascending  congestive  action,  and  they  take 
place  by  the  intercommunication  of  the  great  sympathetic." 

"  The  presence  of  a  hyperaemia  of  the  optic  nerve,  of  a  vascular 
diffusion  over  the  papilla,  and  of  a  partial  or  total  atrophy  of  this 
part  coinciding  with  feebleness  or  numbness  of  the  legs,  indicates 
the  existence  of  acute  or  chronic  disease  of  the  spinal  cord." 

Electric  Examination. — In  the  early  stages  of  spinal  paraplegia 
the  galvanic  and  faradic  reaction  may  be  normal,  but  in  the  course 
of  a  few  weeks  or  months  becomes  diminished.  In  most  of  the 
cases  that  consult  the  physician  there  is  diminished  or  destroyed 

*  On  the  differential  dia^osis  of  disease  of  the  spinal  cord,  see  Dr.  Radcliflfe's 
paper  in  Reynold's  System  of  Medicine,  vol.  ii.,  pp.  580,  et  seq.  It  is  hardly 
necessary  to  say  wc  entirely  disagree  with  his  statement  that  tenderness  on  pres- 
sure of  the  vertebra;  is  conclusive  evidence  of  the  non-existence  of  organic  dis- 
ease. 
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electro-muscular  contractility.  This  feature  helps  to  make  the  dif- 
ferential diagnosis  between  spinal  paraplegia  and  locomotor  ataxy. 

Electro-muscular  sensibility  is  usually  more  or  less  diminished. 
Electro-muscular  contractility  is  usually  much  more  diminished  in 
the  severe  forms  of  paraplegia  than  in  hemiplegia. 

Treatment, — Spinal  paraplegia  should  be  treated  by  galvani- 
zation of  the  spine,  general  faradization,  and  peripheral  faradi- 
zation or  galvanization  ;  to  depend  on  one  method  solely  is  unneces- 
sary. Whether  general  faradization  is  to  be  employed,  will  depend 
on  the  general  condition  of  the  patient.  In  the  early  or  subacute 
stage  the  stances  should  be  short ;  in  the  chronic  stages  the  sfences 
may  sometimes  be  very  protracted.  In  many  cases  the  general 
tonic  effects  of  general  faradization  alone  are  of  very  great  service. 

Prognosis, — Nearly  all  cases  of  spinal  paraplegia  can  be 
benefited  by  electrical  treatment,  but  very  few  can  be  entirely 
or  permanently  cured.  We  may  look  for  perfect  recovery  in 
some  cases  that  are  taken  early,  and  in  cases  that  depend  on 
hysteria  or  exhaustion.  Cases  of  myelitis,  meningitis,  conges- 
tion, and  non-inflammatory  softening,  may  improve  quite  rapidly 
under  electrical  treatment  up  to  a  certain  point.  The  patient 
hopes  for  and  expects  permanent  cure;  he  is  usually  disap- 
pointed in  this  expectation,  for  the  improvement  usually  stops 
short  at  a  definite  limit.  In  our  hands  general  faradization  alone 
has  been  exceedingly  efficacious  in  a  number  of  instances,  and 
mainly  from  its  general  toning  effect. 

Usually,  however,  we  alternate  general  faradization  with  galvan- 
ization of  spine  or  of  the  periphery,  especially  in  cases  in  which 
the  electro-muscular  contractility  is  much  diminished. 

Of  1 1  cases  of  organic  paraplegia  of  various  kinds  that  we  have 
treated,  i  was  approximately  cured,  i  decidedly  benefited,  4  slight- 
ly benefited,  4  not  benefited,  and  i  case  of  myelitis  died. 

(Cases  of  reflex  paraplegia  will  be  treated  of  under  reflex  par- 
alysis.) 

Spinal  congestion —  Tenderness  and  pain  of  the  lumbar  and  other  vertebra  ; 
weakness  and  partial  paralysis  of  the  lower  limbs  ;  hysterical  symptoms — 
Improvement  under  galvanization  of  the  spine  ^  after  failure  of  general 
faradization. 
Case  74. — As  an  illustration  of  a  very  considerable  loss  of  power  in  the  lower 
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limbs  from  well-marked  spinal  congestion,  we  refer  to  the  case  of  a  mairied 
huly  aged  35,  who  was  placed  under  our  care  by  Dr.  J.  O.  Fanington.  Some 
four  years  previously  she  first  b^^  to  notice  certain  symptoms  for  wbich  she 
could  not  account,  but  which  evidently  indicated  some  disturbance  of  the  dica- 
lation,  and  possibly  some  slight  spinal  irritation. 

She  was  then  regarded  as  hysterical,  and  was  really  tormented  with  many  of 
those  vague  and  various  symptoms  which  accompany  this  condition.  Associated 
with  her  general  nervous  distress  at  that  time,  however,  were  a  nwnba*  of  spe- 
cial symptoms,  which  she  readily  called  to  mind  on  being  closely  questioned. 
The  most  prominent  of  these  was  a  sensation  of  tenderness  when  by  any  acci- 
dent or  design  pressure  was  made  over  the  lower  part  of  the  spinal  cord.  She 
recollected  also  that  this  sensation  of  tenderness  was  accompanied  by  pain  in 
the  lower  part  of  the  bowels  and  in  the  extremities,  and  frequently  a  disposi- 
tion to  nausea. 

Th&se  symptoms  became  neither  much  aggravated  nor  decidedly  improved, 
but  continued  to  annoy  her  until  about  five  months  before  she  came  under  our 
observation,  when  a  great  change  for  the  worse  manifested  itself. 

Quite  suddenly  she  found  that  the  power  of  locomotion  was  considerably 
impaired.  Slight  exercise  fatigued  her  more  and  more,  until  finally  she  was 
unable  to  walk  more  than  a  few  hundred  feet  without  becoming  excessively 
fatigued.  There  was  a  sense  of  heaviness  in  the  knees  and  feet,  and  frequently 
it  required  all  her  efforts  to  overcome  this  feeling  of  helplessness  and  move 
around.  There  was  no  anaesthesia ;  but  she  complained  of  a  constant  tinj^ing 
in  the  fingers  and  toes. 

Pressure,  when  made  over  any  portion  of  the  spine,  caused  no  feeling  of  ten- 
derness ;  but  at  night  the  warmth  of  the  bed  frequently  produced  a  dull  aching 
of  the  cord,  which  effectually  prevented  sleep.*  Both  night  and  day  she  was 
annoyed  at  intervals  with  paroxysms  of  shortness  of  breath. 

Hoping  to  equalize  the  circulation,  and  thus  help  to  relieve  the  congestion 
which  was  supposed  to  exist,  we  made  use  of  the  faradic  current.  We  could 
accomplish  nothing  with  it,  and  resorted  to  the  galvanic  current,  placing  the 
negative  electro<le  at  the  coccyx  and  passing  the  jwsitive  up  and  down  the 
spine — spinal-cord  current.  The  application  was  administered  every  other  day, 
and  was  followed  by  good  results.  The  sensation  of  tingling  of  which  she  com- 
plained was  entirely  dissipated. 

The  annoying  shortness  of  breath  was  so  much  relieved  that  it  was  only 
occasionally  and  at  night  that  she  was  troubled  by  it.  Her  feet  became  per- 
manently warmer,  and  she  was  able  to  increase  somewhat  her  amount  of  exer- 
cise without  suffering  fatigue.  These  results  were  accomplished  in  two  months, 
during  which  time  thirty  applications  of  the  galvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  irritation  as  the  original 

*  Increase  of  pain  in  the  back,  wlicn  in  a  recumbent  position,  indicates  con- 
gestion. 
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difficulty  in  the  case  of  this  patient  was  the  sensitiveness  of  the  spine  to  pressure, 
and  the  accompanying  nausea  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  congestion  were : — 

First — Incomplete  paralysis  in  a  paraplegic  form. 

Second — A  constant  tingling  in  the  toes  and  fingers. 

Third — A  dull  aching  along  the  spine,  caused  by  warmth. 

Fourth — Shortness  of  breath. 

These  symptoms,  together  with  the  absence  of  some  of  the  prominent  indica- 
tions of  myelitis,  viz.,  anaesthesia,  paralysis  of  the  bladder  and  sphincter  ani, 
impairment  of  electro-contractility  and  electro-sensibility,  and  also  of  tender- 
ness on  pressure  along  the  spine,  which  does  not  accompany  the  graver  diseases 
of  the  cord  when  not  associated  with  spinal  irritation — all  these  fully  confirmed 
the  diagnosis  of  congestion  of  the  cord. 

In  its  early  stages  the  above  case  might  have  been  classed  as 
spinal  irritation.     (See  p.  351.) 

Paraplegia  resulting  from  myelitis^  with  debility^  insomnia^  afuemia,  dys- 
phagia— Improvement  of  all  the  symptoms  under  general  faradization 
and  localized  galvanization — Relapse, 

Case  75. — Mrs,  D.,  aged  51,  married,  was  referred  to  us  by  Prof.  John  T. 
Metcalfe,  on  Oct.  12,  1868.  For  two  years  she  had  been  afflicted  with  para- 
plegia, which  was  preceded  by  loss  of  control  over  the  rectum,  and  which  was 
brought  on  by  exhaustion  incident  on  loss  of  sleep  and  over-exertion  in 
attendance  in  the  sick-room. 

She  could  walk  a  short  distance,  but  ascending  stairs  was  very  difficult. 
Among  the  accompanying  symptoms  were  unpleasant  dysphagia,  insomnia, 
very  feeble  appetite  and  digestion,  and  poor  circulation — in  short,  general  func- 
tional debility.  The  patient  could  not  walk  at  all  in  the  dark.  There  was  no 
pain  in  the  back,  but  a  constant  feeling  of  weakness.  No  feeling  of  constric- 
tion. 

Electric  examination  showed  a  considerable  loss  of  electro-muscular  con- 
tractility and  sensibility  in  the  affected  limbs,  but  no  anaesthesia. 

Before  consulting  us  she  had  received  positive  benefit  from  general  faradiza- 
tion. We  employed  for  three  months  general  faradization  and  galvanization 
of  the  spine,  and  at  first  with  benefit.  The  patient  hoped  for  a  complete  and  per- 
manent cure.  In  this  respect  she  was  disappointed.  Although  her  sleep  improved 
immediately  after  the  employment  of  general  faradization,  and  although  her 
strength  much  increased,  yet  the  power  of  walking  was  increased  only  to  a  cer- 
tain degree,  which  under  further  treatment  it  seemed  unable  to  pass. 

The  patient  retained  her  improvement  for  several  months ;  but  in  the  fol- 
lowing autumn  was  again  somewhat  prostrated,  and  again  received  the  same 
treatment,  together  with  galvanization  of  the  sympathetic,  and  with  substan. 
tially  the  same  result. 
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In  the  above  case  there  were  three  points  of  interest. 

1.  (vcneral  faradization  was  more  beneficial  than  galvanization 
of  the  spine  and  of  the  sympathetic,  although  the  spine  was 
unquestionably  the  seat  of  the  disease. 

2.  The  ]>atient  seemed  in  a  measure  dependent  on  the  tonic 
influence  of  electrization,  since  it  operated  more  rapidly  and 
more  |x>werfully  up  to  a  certain  point  than  any  internal  medica- 
tion which  she  had  faithfully  tried. 

3.  The  case  illustrates  the  limitation  of  even  the  most  success- 
ful electrical  treatment  in  many  cases  of  organic  paralysis. 

Paralysis  r f suiting  from  myelitis,  with  severe  constipation —  Very  great 
dyspepsia  anJ  dehiiity — Susceptibiiity  to  electrization — Slight  improve- 
ment at  first  under  electrization. 

Cask  76. — Mrs.  B.,  a  married  lady  of  middle  life,  had  for  several  years  been 
afflictcil  with  paralysis  of  left  1^.  The  patient  was  of  a  nervous  constitution, 
and  she  attributed  her  condition  to  over-work  and  anxiety  attendant  upon 
keeping;  house  and  entertaining  company.  At  the  time  we  saw  her,  February 
14,  1S6S,  she  was  able  to  walk  only  with  difficulty,  and  her  vitality  was  feeble. 
The  affcctevl  limb  ^*as  \eTy  cold,  and  was  three-fourths  of  an  inch  smaller  than 
the  other  abin-e  the  knee. 

Klci'tric  examination  showed  loss  of  electro-muscular  contractility  in  the 
affect Cil  liniK  .4  strong  /aradic  current  localized  in  the  spine  caused  pain 
and  ufiCtisint'ss  in  the  knees^  ichicA  lasted /or  sez'cral  days, 

ThiN  phenomenon  we  have  obscn-eti  to  so  marked  a  degree  in  no  other  case. 

The  )vitient  was  exceeiUngly  const  i{)ated,  and  was  obliged  to  depend  on 
alvine  injections.  At  various  times  there  had  been  a  feeling  of  a  cord  around 
the  waist.  At  the  time  we  saw  her  there  was  no  spinal  tenderness.  The  pa- 
tient was  at  all  times  dysjK^ptic  and  feeble. 

Treatment  by  general  electrization  previously  administered  had  relieved  her 
dys|K'|^a  and  in^pnncvi  her  general  condition. 

On  acci^unt  of  the  }^eculiar  susceptibility  of  the  patient,  we  abandoned 
treatment  after  a  few  trials. 

Paraplegia  dependent   on    meningitis  and   myelitis —  Traumatic  origin — 

Loss  of  control  oz'cr  bladder — Bed-sores, 

I'ask  77. — Mr.  C,  agetl  28,  was  sent  to  us  March  11,  1868,  by  Dr.  W.  C. 
Wey,  of  Klmira.     The  history  of  the  patient  was  that  in  February,   1863, 
while  an  officer  in  the  army,  when  in  the  act  of  swinging  an  axe,  he  felt  a  slight 
tioitiA  in  the  hack.     Shortly  after  came  a  diarrhoea,  with  pain  in  the  calves  of 
the  legs  ^'^  ^'^U  Ihen  a  desire  to  urinate  with  inability,  then  pain  and  stiff- 
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ness  in  the  back.  He  grew  weaker  and  weaker,  and  for  two  years  was 
confined  to  his  bed.     There  remained  large  scars  of  former  bed-sores. 

Electric  examination, — Great  anaesthesia  of  the  bladder,  slight  diminution 
of  electro-muscular  contractility,  and  considerable  anaesthesia  in  the  lower 
limbs.  The  urine  was  continually  dribbling,  so  that  the  patient  was  obliged  to 
wear  sponges  and  disks. 

The  patient  could  walk  only  with  the  aid  of  crutches.  He  was  treated  by 
general  faradization  and  localized  galvanization.  After  seven  sittings  he 
returned  very  slightly  improved. 

There  was  no  improvement  in  the  condition  of  the  bladder. 

Spinal  hemorrhage^  resulting  in  paraplegia^  with  profound  anasthesia  of 
the  legs  and  absence  of  electro-muscular  contractility  below  the  knees. 

Case  78. — L.  F.,  a  gentleman  aged  about  60,  was  seen  by  invitation  of  Dr. 
S.  T.  Hubbard.  The  patient  was  suddenly  prostrated  while  in  his  office  by  an 
attack  of  spinal  apoplexy,  and  during  the  several  weeks  that  had  elapsed  before 
he  fell  under  our  observation,  the  muscles  of  the  thighs  and  legs  had  become 
decidedly  atrophied  and  flabby. 

Control  was  partially  lost  both  of  the  bladder  and  rectum.  The  legs  were 
profoundly  anaesthetic,  and  below  the  knees  there  was  an  entire  absence  of 
electro-muscular  contractility. 

The  use  of  both  the  galvanic  and  faradic  currents  for  several  weeks  apprecia- 
bly relieved  the  anaesthesia,  and  approximately  restored  the  electro-muscular 
contractility.  The  electricity  was  discontinued,  but  the  patient  improved  in 
strength,  probably  as  the  spinal  effusion  absorbed,  and  in  a  number  of  months 
was  able  to  walk  by  the  aid  of  a  cane. 

Myelitis  finally  involving  the  whole  cord  and  resulting  in  death — Electro- 
contractility  and  sensibility  completely  impaired^  but  no  atrophy  of  or 
decrease  of  temperature  in  the  legs. 

Case  79. — Mrs.  W.,  aged  about  30,  experienced  some  loss  of  power  and 
certain  pains  of  a  neuralgic  character  in  the  lower  extremities  a  few  hotu^  sub- 
sequent to  a  bath  in  the  surf.  These  symptoms  rapidly  increased  in  severity, 
and  within  a  week  the  lower  limbs,  together  with  the  bladder  and  sphincter  ani, 
were  complely  paralyzed.  By  the  advice  of  Drs.  Flint  and  Buck,  we  saw  the 
patient  six  weeks  after  the  attack,  and  found  that  while  both  electro-contrac- 
tility and  sensibility  were  entirely  abolished,  the  circulation  was  so  little  im- 
paired that  the  limbs  retained  their  usual  size  and  temperature. 

The  spine  was  not  at  all  sensitive  to  pressure,  but  tenderness  was  manifest  on 
the  application  of  the  faradic  current  over  the  lumbar  portion  of  the  cord. 

AU  efforts  to  arrest  the  disease  proved  unavailing. 

The  inflammation  gradually  extended  upward,  and  finally  the  upper  dorsal 
and  lower  cervical  portion  became  involved,  interfering  with  the  heart's  action, 
and  causing  death. 
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PARALYSIS   OF  THE   SYMPATHETIC. 

Under  this  head  Meyer*,  Driessenf,  and  Althaus|  record  a  few 
cases  of  paralysis  of  the  upper  and  lower  limbs,  or  of  both,  some- 
times associated  with  general  nervous  symptoms  that  yielded  to 
galvanization  of  the  cervical  sympathetic,  and  are  therefore  sup- 
posed to  be  cases  of  paralysis  of  that  part  of  the  nervous  system. 
The  diagnosis  is  made  partly  by  exclusion,  pardy  by  the  symptoms, 
and  partly  by  the  results  of  treatment. 

That  paralysis  of  the  sympathetic  may  be  the  pathological  con- 
dition in  certain  disturbances  in  nutrition,  motion,  and  sensibility, 
is  rendered  highly  probable  by  these  considerations : — 

1.  It  has  been  shown  by  Bernard  and  Schiff  (quoted  by  Meyer) 
that  the  fibres  of  the  sympathetic  take  origin  in  the  anterior  roots 
of  the  spinal  cord.  It  would  therefore  be  reasonable  to  suppose 
that  disease  of  the  sympathetic  would  be  associated  with  disease 
of  the  cord ;  and  that  disorders  of  nutrition  are  frequently  associa- 
ted with  paralysis  resulting  from  spinal  disease  is  fully  sustained 
by  clinical  observation. 

2.  It  has  been  shown  by  Bernard,  Schiff,  Budge,  and  Ludwig, 
that  the  vaso-motor  nerves  are  of  central  origin  and  proceed 
from  the  terminal  ganglia  of  the  sympathetic. 

3.  It  has  been  shown  clinically  that  certain  conditions  that 
appear  to  be  associated  with  disease  of  the  sympathetic,  are 
positively  benefited  by  galvanization  of  its  cervical  ganglia. 

Reniak  was  of  the  opinion  that  diphtheritic  paralyses  were  con- 
nected with  the  sympathetic.  This  opinion  was  based  on  the 
fact  that  they  sometimes  followed  very  mild  cases  when  the  neck 
was  affected,  and  attacked  places  far  distant  from  the  seat  of  the 
disease. 

According  to  Meyer§  the  electro-muscular  contractility  is  normal 
in  diphtheritic  paralysis,  and  this  disease  is  greatly  benefited  by 
electrization  of  the  affected  part  and  of  the  phrenic  nerve. 

*  Op.  cit.,  p.  242  et  seq. 
f  AltliauSy  op.  cit.,  p.  469. 
X  Op.  cit.,  p.  471. 
$5  Op.  cit.,  p.  249. 
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Paralyses  that  occur  in  chlorosis  and  hysteria  may  not  unlikely 
be  connected  in  some  way  with  the  sympathetic. 

In  rheumatic  gout  and  in  i)rogressive  muscular  atrophy  the 
sympathetic  is  believed  to  play  an  important  part 

C hronic  meningitis  and  probable  affection  of  the  sympathetic y  resulting  from 
an  attack  of  cerebrospinal  meningitis — Mydriasis  of  the  left  pupil — 
Anomalous  sensations  in  the  head —  Unpleasant  results  from  galvanization 
and  faradization. 

Case  8a — Mr.  J.,  aged  29,  was  referred  to  us  April  4,  1870,  by  Prof.  St. 
John  Roosa.  His  history  was  as  follows : — Up  to  1858  he  had  been  perfectly 
well.  At  that  time  he  lost  his  voice — was  unable  to  sing  as  usual,  and  even 
reading  seemed  to  tire  the  vocal  apparatus.  He  found  it  difficult  to  pronounce 
certain  words,  and  was  compelled  to  find  substitutes.  For  two  years  he  was 
troubled  with  night-sweats,  and  in  summer  especially  found  himself  very  weak 
in  the  morning. 

In  1865  he  was  attacked  with  cerebrospinal  meningitis,  which  left  him  with 
chronically  congested  condition  of  the  spinal  cord,  and  probably  some  affection 
of  the  sympathetic.  When  we  first  saw  him  he  was  considerably  debilitated, 
with  great  weakness  in  the  back,  and  sense  of  vacancy  in  the  eyes  and  brows. 
Examination  revealed  a  tenderness  of  the  lower  cervical  and  the  dorsal  vertebrae. 
His  symptoms  were  peculiar  and  changeable.  Every  hour  or  half  hour  his  mor- 
bid sensations  would  assume  a  different  phase  and  attack  a  different  locality.  A 
sensation  which  he  frequently  experienced  in  his  head  he  could  only  compare,  he 
said,  "  to  eternity."  Sometimes  he  felt  as  though  he  were  standing  on  a  preci- 
pice, and  was  being  carried  far  away  into  space.  His  appetite  was  fair,  his  sleep 
very  good,  and  his  muscular  strength  very  considerable.  The  pupil  of  his  left  eye 
was  always  dilated.  He  had  been  obliged  to  leave  the  confining  occupation  in 
which  he  had  been  engaged,  and  take  a  position  as  conductor  on  a  horse  car. 
One  day  while  standing  on  the  platform  of  the  car,  he  suddenly  lost  his  power ; 
the  stamps  fell  from  his  hand,  but  in  a  minute  he  recovered  himself.  Electrical 
treatment,  in  the  form  of  faradization  and  galvanization  of  the  spine,  was  faith- 
fully tried,  but  without  good  results.  The  day  following  the  application  he 
complained  of  pains  in  his  limbs  and  in  his  body  generally,  which  led  him  at 
first  to  believe  that  he  had  taken  cold.  These  symptoms  were  unquestionably 
due  to  the  irritation  of  the  spinal  cord. 

These  disagreeable  reactive  effects  of  the  electrical  treatment  were  not  fol- 
lowed by  any  demonstrable  (x:rmanent  effects  ^^^^  for  that  reason  ice  and 
blisters  to  the  spine,  with  the  internal  administration  of  acid  phosphate,  were 
prescribed.     Under  this  treatment  the  patient  gave  evidences  of  improvement. 

Chronic  congestion  or  inflammation  of  the  membranes  of  the 
cord  in  the  above  case  was  rendered  probable  by  the  history  and 
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by  the  symptoms.  Moreover,  there  were  no  positive  evidences  of 
any  organic  disease  of  the  cord  itself.  That  the  sympathetic 
also  was  in  a  morbid  condition  might  be  suspected  from  the  per- 
sistent mydriasis,*  from  the  tendency  to  perspiration,  and  from 
the  anomalous  attacks  to  which  he  was  subject. 

Probable  attacks  of  temporary  paralysis  of  the  sympathetic ^  with  great  nervous 
prostration — Attacks  of  dizziness  and  faliing-^Great  accumuiatians  of  gas 

in  the  bowels. 

Case  8i. — Rev.  Mr.  B ,  a  clergyman,  34  years  of  age,  began  to  be  taken, 
in  the  spring  of  1870,  udth  attacks  of  dizziness  while  in  the  act  of  prayer  in  his 
pulpit.  When  he  was  on  a  level  with  the  audience,  the  attacks  were  less  fre- 
quent and  less  severe.  On  one  occasion  he  had  been  prostrated  after  over- 
working in  his  garden.  During  the  summer,  which  was  exceedingly  warm,  he 
was  unusually  sensitive  to  the  solar  rays.  One  evening,  while  in  the  act  of 
retiring,  he  was  prostrated  for  a  minute  with  a  sensation  as  though  he  had  been 
severely  struck  on  the  top  of  the  head.  During  his  attacks  in  the  pulpit,  it  was 
necessary  for  him  to  hold  on  firmly  to  keep  from  falling.  One  Sabbath  he  was 
so  distressed  that  he  was  obliged  to  cut  short  the  exercises.  His  congregation 
observed  that  he  turned  pale.  His  speech  was  uncertain,  and  he  made  slips  of 
the  tongue. 

These  attacks  were  followed,  on  his  return  to  his  house,  by  the  expulsion  of 
large  quantities  of  gas  from  his  bowels.  These  accumulations  were  frequently 
enormous.     Relief  was  obtained  when  free  perspiration  appeared. 

In  the  intervals  the  patient  suffered  from  general  nervous  prostration  and  sen- 
sations of  ]iain  and  uneasiness  at  the  top  of  the  head  and  dovm  the  spine.  His 
muscular  strength  was  but  little  impaired ;  he  was  capable  both  of  walking 
and  of  working. 

The  patient  inherited  a  highly  nervous  and  impressible  organization,  which 
had  been  considerably  increased  by  his  manner  of  life.  He  had  suffered  from 
attacks  nearly  similar  several  years  before. 

In  this  case  there  was,  in  addition  to  the  nervous  exhaustion, 
strong  reason  to  suspect  a  morbid  condition  of  the  sympathetic.  It 
is  probable  that  the  heat  of  the  sun  was  one  of  the  last  exciting 
causes.  The  patient  was  advised  to  take  a  vacation  for  two 
months,  to  use  ice  to  the  spine,  to  take  acid  phosphate  internally, 
to  try  mild  wines  to  which  he  had  been  unaccustomed,  and  to 
avail  himself  of  treatment  by  galvanization  of  the  sympathetic  and 

*  On  the  relation  of  the  sympathetic  to  contraction  and  dilatation  of  the  pu- 
pil, sec  the  very  able  essay  of  Dr.  Robert  Edes — Prize  of  the  New  York  Acad- 
emy of  Mcilicine. 
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general  faradization.  Shortly  after  adopting  the  medical  and 
hygienic  part  of  the  treatment  he  began  to  improve. 

That,  in  the  above  case,  the  dizziness  appeared  while  he  was  in 
the  act  of  prayer  and  not  while  preaching,  is  to  be  explained  by 
the  fact  that  during  extemporaneous  prayer  the  eyes  are  closed. 
Difficulty  of  standing  with  closed  eyes  is  a  symptom  that  is  expe- 
rienced in  a  large  number  of  cases  of  irritable  and  organically 
diseased  conditions  of  the  spinal  cord.  It  is  observed  in  hysteria, 
in  myelitis,  in  spinal  irritation,  or  in  congestion,  as  well  as  in 
locomotor  ataxy. 

It  is,  therefore,  not  necessarily  a  very  bad  symptom.  A  cler- 
gyman informed  us  that  three  times  in  his  life  he  had  suffered  in 
this  way,  and  with  improvement  in  his  general  condition  had  en- 
tirely recovered. 

INFANTILE    PARALYSIS. 

Paralysis  in  infants,  though  often  of  a  reflex  character,  is  so 
frequently  dependent  on  some  morbid  condition  of  the  spine,  that 
it  is  properly  included  under  spinal  paralysis.  The  frequency 
with  which  paralysis  occurs  in  infancy,  its  persistence,  and  the 
life-long  misery  and  helplessness  which  frequently  attend  it, 
render  the  subject  one  of  vast  importance. 

This  form  of  paralysis  has  been  treated  of  by  Rilliet  and  Bar- 
thez,*  under  the  title  of  ^^Paralysie  Essentielle  de PEnfance"  and 
by  Duchenne,f  who  gives  it  the  name  ^^Paralysie  Atrophique  Grais- 
seuse  de  V  Enfance'' 

Cases  of  infantile  paralysis,  as  described  by  Hanfield  Jones,J 
were  of  a  temporary  character,  that  recovered  under  the  influence 
of  tonics.  Such  cases  may  disappear  in  a  very  short  time.  In 
absence  of  positive  knowledge,  we  may  perhaps  assume  that  such 
cases  are  analogous  to  the  so-called  hysterical  or  functional  pa- 
ralysis of  adults,  which  is  not  supposed  to  be  dependent  on  any 
spinal  lesion,  at  least  of  an  inflammatory  character. 

The  opportunities  for  post-mortem  examination  in  cases  of 

*  Maladies  de  TEnfance,  1853. 

t  Op.  cit.,  p.  275. 

X  Functional  Nervous  Disorders,  Am.  ed.,  pw  92. 
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infantile  paralysis  have  not  been  sufficiently  numerous  to  enable 
us  to  state  with  positiveness  what  the  predominant  morbid  lesion 
is  that  gives  rise  to  this  disease.  Prof.  Hammond*  found  in  one  case 
of  paralysis  of  the  left  lower  extremity,  of  four  years*  standing,  a 
cicatrix  containing  a  very  small  clot  in  the  anterior  column  of  the 
lower  dorsal  region. 

It  is  probable  that  the  disease  may  and  does  arise  from  the 
same  variety  of  morbid  conditions  that  cause  spinal  paralysis  in 
adults — exhaustion,  congestion,  meningitis,  myelitis,  apoplexy,  and 
so  forth.  Neither  on  theoretical  or  clinical  grounds  is  it  neces- 
sary to  assume  the  existence  of  any  morbid  process  in  the  spine 
giving  rise  to  paralysis  that  is  peculiar  to  infants. 

The  symptoms  of  the  disease  are  paralysis  with  loss  of  electro- 
muscular  cimtractilitVy  some  ancestliesia^  gr^^t  diminution  of  tern- 
peraturCy  and  muscular  atrophy. 

The  disease  often  comes  on  suddenly.  Premonitory  symptoms 
of  distress  in  the  back  and  febrile  disturbance  sometimes  occur. 
In  some  cases  the  muscular  atrophy  is  accompanied  by  fatty 
degeneration. 

Diiclienne,  with  the  aid  of  the  microscope,  has  investigated 
the    condition    of    the    muscles   in    muscular    atrophy. f       For 
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Fig.  61. — Noeggerath's  Trocar. 

this  purpose  a  trocar  is  necessary.  Diichenne's  trocar,  Fig.  60,  is 
introduced  into  the  nuiscle  open.  When  in  situ^  a  piece  of  sharp 
steel  is  pushed,  by  means  of  a  button,  against  the  barb  of  the  trocar. 
A  piece  of  muscle  is  thus  caught,  which,  on  the  withdrawal  of 
the  trocar,  can  be  examined. 


*  Note  to  Meyer,  p.  233. 


t  Op.  cit.,  pp.  510  et  seq. 


Mieroseepic  Examination  of  Muscles. 


417 


Noeggerath's  instrument,  Fig.  61,  is  introduced  as  a  simple 
trocar,  and  when  in  sHu,  the  wire  contained  in  it,  being  pushed 
forward,  causes  the  prongs  or  clasps  on  its  exlremity  to  emerge 
a  Uttle  separated.  When  the  wire  is  pulled  out  the  prongs  come 
together,  bringing  with  them  a  piece  of  the  desh. 

We  present  the  cuts  of  Duchenne,  with  condensed  explanations. 

Normal  fibre.  ^- First   degree. , 


KlG.  62.  Fill.  63. 

Fig-  62  "represents  the  nonniil  fibres,  with  the  transs'c 
Figs.  63,  64.— "Tht  iriuisverse  sttiEe  are  less  dLslincl 
;  the  Jon^tiulinal  libres  are  i 


ihey  are  (requentl7 


Paralyiis. 
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Fig.  65. — "The  muscular  (ascia  is  composed  entirely  of  Inngiludinal  libt^s, 
Ibe  tnuisverse  slriu;  havin);  completely  disappeared." 

"  By  Ihc  tide  of  ibe  muKalar  fibre  adipoK  tiuue  isobserveii,  composed  of  cells 
thai  arc  eilher  (a)  round  or  longitudinal;  ihcre  are  little  drops  (A)  of  iax  dc. 
pcisiled  in  the  muscular  fibre." 

Fig.  66. — "The  muscular  fibres  have  still  preserved  their  contractility,  4 
arc  umiulating.  *' 

Third  degree. 


Kins.  67,  68.—"  The  longiludinnl  fibre;  have  become 
molecules  of  fat  arc  more  and  more  nbuntianl — again  tui 
entirely."    (See  Fig.  yj.) 


'  Fig.  ^a.  Fio.  ^\. 

(1.  69  -       Tie  1    ^  udinid  fibres  have  disappeared.     We  «ee  only  fi 
tides  very  cltffe  together  and  little  distinct,  especially  towards  the  axis  of  tl 
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Fig.  70  — "  The  fat  becomes  more  abundant  and  diffluent ;  the  muscular 
fascia  is  more  transparent." 

Fig.  71. — **  Distinct  molecules  of  fat  are  no  longer  perceptible ;  the  fascia  is 
composed  of  a  shapeless  mass. 

**  Each  degree  of  fatty  transformation  corresponds  to  a  degree  of  decolora- 
tion of  the  muscular  fibre." 

This  process  of  shrinkage  may  go  on  long  after  the  original 
morbid  condition  of  the  spinal  cord  has  disappeared. 

Prof.  Hammond,*  who  has  investigated  infantile  paralysis  by  the 
method  of  Duchenne,  has  found  that  even  in  some  long-stand- 
ing cases  there  were  no  evidences  of  fatty  degeneration.  It  may 
be  regarded  as  a  frequent  but  not  uniform  accompaniment  of  in- 
fantile paralysis. 

Early  Symptoms. — The  onset  of  an  attack  in  the  child  is  not 
always  marked  by  any  outward  sign  of  disturbance  (such  as  con- 
vulsions, drowsiness,  etc.)  of  the  central  nervous  system.  The 
child  may  go  to  bed  perfectly  well  to  all  appearances,  but  in  the 
morning  the  parents  find  an  arm  or  a  leg  powerless.  In  other  cases 
the  disease  advances  slowly,  until  the  loss  of  power  in  certain  parts 
is  complete.  If  in  any  case  the  tendency  of  the  disease  is  towards 
recovery,  a  few  weeks  will  frequently  suffice  for  the  paralyzed 
member  to  regain  its  usual  strength  ;  but  if  in  the  course  of  that 
time  no  improvement  is  manifest,  it  is  reasonably  certain  that 
Nature  alone  will  never  accomplish  more  than  a  partial  cure. 
In  the  latter  case  the  affected  limb  soon  commences  to  decrease 
in  size,  the  muscles  become  soft  and  flabby,  the  circulation  weak, 
and  the  surface  cold.  At  the  same  time  the  child  usually  re- 
mains healthy  both  in  mind  and  body.  In  many  cases  the  disease 
is  evidently  reflex  in  character,  and  is  excited  by  irritation  of 
some  portion  of  the  mucous  surfaces,  by  the  sudden  or  continued 
influence  of  cold,  or  more  frec^uently,  perhaps,  by  the  irritation  of 
teething. 

Electro-diagnosis — In  infantile  paralysis  there  is  diminution 
or  utter  loss  of  electro-muscular  contractility.      In  patients  so 
young  the  condition  of  electro-muscular   sensibility  cannot   o 
course  be  ascertained.      The  tactile  sensibility  is  in  some  cases 

*  IxK.  cit.,  p.  237. 


ParalysL 


iniir.h  dimiiii.^iliud  ;  in  other  cases  it  does  not  appear  to  be  en- 
larged. 

A  slight  dcgret  of  an.-esthesia  cannot  be  ascertained  in  very 
young  iiatients.  An  important  feature  of  infantile  paralysis  is  that 
ihf  muscles  exhibit  contractility  under  galvanization  when  they 
aru  not  al  all  affected  by  faradization.  In  this  disease  especially 
both  currents  are  necessary  in  the  diagnosis  as  well  as  in  the 
treatment. 

In  making  an  examination  of  the  condition  of  the  muscles  of 
infants  it  should  be  remembered  that,  on  account  of  their  flabby 
tbar.Tctyr  and  the  relatively  large  proportion  of  adipose  tissue 
by  which  they  are  surrounded,  they  do  not  respond  as  readily 
nor  as  perceptibly  to  electrization  as  the  muscles  of  adults. 

The  (iiflereiicial  syiiiploms  of  cerebral  and  sjwnal  parilj'sis  in  children,  actord- 
\ng  lu  Ildne,  tok  n.^  fuUuws :  In  cerebral  paralysis  there  is  an  appesrance  of 
niculal  ilefidtnty  iir  weaWotss,  or  some  disturbances  of  sight  or  visiun,  cepha- 
lalgin,  nnil  litifTnt^  and  immability  of  the  mu^les.  In  spinul  paralytjs  Ihere  arc 
noccrcljtnlsyiTipliJins,  ancllhere  is  a  relaxed  condition  of  the  muscles,  anrl  besides 
niure  altfipliy  ni»1  a  f^eatcr  loss  uf  lemperalure  than  in  paralysis  of  a  centrai 
ur^-in. 

Trm/wrwi'.— fSslvani/ation  of  the  affected  limbs  is  the  method 
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ing,  fricrions,  and  the  application  of  dry  heat  and  hot  water  to 
the  affected  limbs. 

■  It  has  happened  that  several  of  our  most  satisfactory  results 
have  been  obtained  under  general  faradization. 

Prognosis, — ^The  prognosis  must  depend  on  the  cause,  the 
probable  nature  of  the  lesion,  the  length  of  time  that  the  disease 
has  existed,  and  the  condition  of  the  muscles,  especially  as 
ascertained  by  electric  and  microscopic  examination.  If  fatty 
degeneration  is  much  advanced  the  prognosis  is  less  favorable 
than  when  no  degeneration  exists. 

Cases  of  a  reflex  or  functional  character  may  recover  speedily 
without  special  treatment  Cases  of  organic  character,  which 
constitute  the  majority,  and  which  have  gone  on  to  atrophy, 
recover  only  slowly  and  under  faithful,  persistent  treatment.  It 
is  rarely  indeed  that  parents  or  guardians  have  the  patience  or 
the  means  to  persevere  and  obtain  the  full  benefit  of  which  elec- 
trization is  capable. 

Frequently  the  improvement  rapidly  advances  to  a  certain 
grade  and  then  halts,  or  advances  so  imperceptibly  as  to  discour- 
age the  parent.  Electrical  treatment  in  these  cases  is  very 
greatly  aided  by  energetic  frictions,  systematic  kneading  of  the 
muscles  with  both  hands,  and  by  bathing  the  limbs  in  hot  salt 
water. 

We  have  records  of  9  cases  of  infantile  paralysis  that  we  have 

treated.     Of  these,  4  recovered,    i    approximately  recovered,  2 

were  decidedly  benefited,  and  2  were  not  benefited. 

Paralysis  of  left  arm  ;  atrophy  of  deltoid — No  response  at  first  to  farcuiiza- 
tion — Improvement^  but  not  recovery,  under  galvanization. 

Case  82. — In  the  first  instance  the  little  patient,  a  boy  aged  14  months,  was 
suddenly  taken  with  complete  paralysis  of  the  left  arm  after  exposure  to  cold. 
He  came  under  our  observation  about  a  week  after  the  seizure.  We  found  it 
impossible  to  produce  the  slightest  contractions  of  the  muscles  with  the  faradic 
current.     After  two  applications  we  resorted  to  the  galvanic  current. 

Immediate  contraction  of  all  the  paralyzed  muscles  followed  its  use,  and  the 
natural  power  was  restored  somewhat,  so  that  the  child  was  enabled  to  slowly 
close  and  open  the  hand.  After  another  similar  application,  the  faradic  cur- 
rent was  as  efficacious  in  producing  marked  contractions  as  the  galvanic. 

When  treatment  had  been  continued  about  a  month  the  child  could  use  the 
hand  and  fore-arm  perfectly  well.     The  upper  arm  was  considerably  improved, 
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'l■^  far  a-.  jxiHer  of  iiiovtment  was  concerneil ;  but  [he  deltoid  muscle  had  atro- 
|ihioil.  tav\  111!  >.iil)-*-r|ueiii  ireatment  sufficed  to  greally  improve  its  condilioo. 
I'ornlysh  •'//•/!  arm,  with  atrophy  e/ deltoid,  caustd by  txfosure  to  reU— 
Xf  rcsj-i^iiM-  at  Jirii  I.I  faradisatisH^lmpriniemcHl  under  ga/vanitatiail, 
L'ask  S3. — A  shrirt  lime  Iwfore  we  saw  the  child  he  had  been  exposed  (with 
li.-ire  arinE;  and  .shoulder'^),  while  riding  in  the  hnrK-cati,  to  cold  draughts  oF 
\-.\a<\.  A  ri:w  hiiiir^  sirlisequently.thc  mother  firs)  noticed  that  the  child  used 
Iho  rit[ht  arm  alLiij^elher,  and  u]X)n  further  eiaminstion  die  discovered  thai 
tl>i'  Itfl  arm  wa-  lUTfeitly  powerless.  Previous  to  the  alticl:  the  little  pa- 
tient hai.l  bL-eii  -iilfi/riiij!  considerably  from  the  irritative  process  of  teething, 
« iiii  li  h^il  -.imi-Mlal  re.Uicetl  him  in  health  ami  flesh.  The  deltoid  was  atrophied. 
Nil  imtii.ity  .if  ihc  fMnrlic  current  which  we  felt  justified  in  applying  to  the  af- 
fc-eleil  atin  productii  ilic  slightest  effect ;  but  when  a  galvanic  current  of  mode- 
rate power  «-!>;  made  use  of,  the  muscles  of  the  paralyzed  !imb  responded 
almu'^t  a'*  readily  a>  tbnse  of  the  healthy  side.  The  improvement  tuuler  (he 
ii*  ijf  Ihe  galvanic  currcnl  was  for  a  time  ((uile  marked.  He  very  soon  re- 
]piiiied  full  power  over  the  hand  and  fore-arm,  but  was  tmable  for  a  long  while 
to  niijve  the  ii|it<vr  arm,  and  when  treatment  was  discontinued  after  some 
twcnly  applitaiiciii'i  had  licen  niven.  it  was  impossible  for  him  to  raise  the  arm 
readily  from  tlu:  side.  Notwithstanding  the  appro>:imation  to  a  perfect  cure, 
the  firadic  turrciit  wuulii  produce  only  feeble  contractions,  while  uiulcr  the 
influence  of  the  ji^lvanic  current  iheeleclro-muwnlar  contractility  was  vigorous. 
fiini/yiii  .;/"  }-:,;Al  !^g  fiillo-.viiii;  di,irr!i.r<i~A'afid  rerirvtry  under  general 
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For  about  a  week  the  paralysis  was  complete,  but  as  the  fever  abated  he 
seemed  to  regain  some  power  over  the  affected  limb,  and  when  convalescent 
he  was  able  to  move  it  quite  freely.  After  some  weeks,  when  he  had  gained 
a  good  degree  of  strength,  the  little  patient  found  it  possible  to  move  slowly 
about  by  the  aid  of  a  crutch. 

His  limb  ceased  to  progress  now  that  he  had  entirely  recovered  from  sick- 
ness, and  when  his  {>arents  applied  to  us,  a  year  subsequently,  the  boy  still 
continued  unable  to  move  about  without  artificial  support. 

He  was  unable  to  flex  the  right  foot  or  raise  the  limb  from  the  floor  without 
flexing  the  leg. 

The  muscles  of  the  thigh  and  leg  had  atrophied  to  a  considerable  extent. 
By  measurement  the  calf  of  the  {>aralyzed  limb  was  found  to  Iiave  decreased 
in  size  one  inch. 

The  parts  were  cold  and  flaccid,  and  it  was  almost  impossible  to  distinguish 
the  pulsations  of  the  posterior  tibial  artery,  which  in  the  healthy  limb  were  full 
and  strong. 

As  the  general  health  was  good,  we  made  the  application  of  the  faradic 
current  to  the  paralyzed  muscles  only.  Their  electro-muscular  contractility 
was  very  much  impaired,  and  the  current  was  much  less  acutely  felt  than  on 
the  corresponding  portion  of  the  sound  limb.  Applications  were  adminis- 
tered twice  a  week  for  one  month,  resulting  in  a  complete  restoration  of  the 
electro-muscular  contractility,  and  a  very  decided  increase  in  his  sensitiveness 
to  tactile  impressions  and  in  the  warmth  of  his  limb. 

At  the  end  of  another  month  of  treatment  the  leg  had  increased  in  circum- 
ference one-half  an  inch,  and  the  patient  was  able  to  walk  with  comparative 
ease  without  the  aid  of  any  artificial  support. 

Infantile  hemiplegia  of  the  right  side  in  a  child  of  two  years — Not  treated. 

Case  86. — A  child  of  two  years  was  brought  to  us  October  23,  1868,  by 
our  friend  Dr.  Cowdry,  with  hemiplegia  of  right  side,  that  had  come  on  three 
weeks  before  with  an  attack  of  screaming.  The  general  condition  and  nutri- 
tion of  the  child  had  been  good. 

Electric  ex  ami  fiat  ion. — Slight  diminution  of  electro-muscular  contractility 
in  the  affected  side,  yet  the  response  to  the  faradic  current  was  sufficient  for 
all  the  practical  purposes  of  electro-therapeutics. 

The  patient  had  l)ecn  treated  by  Dr.  C.  by  faradization,  with  some  improve- 
ment.    Of  the  results  we  have  not  been  informed. 

PERIPHERAL   PARAI,YSIS. 

A  Inie  peripheral  paralysis  manifestly  excludes  all  lesions  or 
influences  of  a  central  origin. 

The  cause  must  be  sought  for  in  some  portion  of  the  nerve- 
tract  after  it  has  emerged  from  the  bones  that  enclose  the  ner- 
vous centres. 
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It  was  formerly  quite  common  to  ascribe  all  paralyses  to  a 
central  origin.  Recently,  however,  physiological  investigation 
and  a  more  careful  study  of  pathology  show  that  the  majority  of 
cases  of  local  paralysis  depend  upon  peripheral  causes.  Of  these 
causes  we  have  : — 

1.  The  action  of  cold  on  the  superficial  distribution  of  nerves  as 
one  of  the  most  frequent, 

2.  External  injuries, 

3.  Pressure  on  a  nerve  from  morbid  growths^  etc. 

4.  Destruction  of  a  nerve  by  carious  bone,  etc, 

5.  Arrest  of  the  arterial  or  venous  circulation, 

6.  The  determination  of  some  poisonous  influence  generated  with- 
out or  within  the  system  to  a  certain  nerve, 

FACIAL   PARALYSIS. 

Palsy  of  the  seventh  pair  of  cranial  nerves  is  one  of  the  most 
common  and  distressing  of  local  paralyses,  and  it  may  follow  any 
one  of  the  above  causes,  with  the  exception  of  the  fifth.  Depend- 
ing on  the  first  and  last  causes,  it  is  very  generally  curable,  while  if 
it  results  from  the  third  or  fourth  the  prognosis  is,  as  a  rule,  unfa- 
vorable, and  even  death  may  occur  from  meningeal  inflammation 
or  cerebral  abscess.  The  symptoms  of  facial  paralysis  vary  not 
only  as  its  cause  is  central  or  peripheral,  but  also  according  to  the 
portion  of  the  nerve  affected.  Paralysis  of  the  seventh  pair  with- 
out coincident  paralysis  of  an  arm  or  leg  seldom  results  from  ce- 
rebral hemorrhage.  It  may  occur,  however,  but  it  may  be  readily 
distinguished  from  the  peripheral  form  of  the  affection.  In  com- 
plete facial  paralysis  of  peripheral  origin  the  orbicularis  palpebra- 
rum muscle  is  paralyzed,  and  the  eye  cannot  be  entirely  closed ;  while 
if  the  cause  is  central  this  muscle  is,  as  a  rule,  unaffected,  and  the 
eyelids  can  be  brought  together.  In  some  exceptional  cases  a 
certain  lesion  may  paralyze  the  orbicularis  muscle,  while  occa- 
sionally, in  peripheral  facial  j^aralysis,  the  nerves  that  supply  the 
muscles  of  the  eye  may  escape,  thus  leaving  it  free  to  close.  The 
fact  that  in  facial  paralysis  of  central  origin  the  electro-muscular 
contractility  is  unimpaired,  while  if  the  nerve  itself  is  the  seat  of  the 
injury  the  muscles  refuse  to  respond  to  cither  current,  materially 
aids  us  in  diagnosis. 
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Electro-diagnosis, — In  facial  paralysis  of  a  peripheral  origin, 
the  farado-tnuscular  contractility  is  usually  diminished  or  lost ; 
galvano-muscular  contractility  may  be  increased  or  normal ; 
though  in  some  cases  it  may  be  diminished,  it  is  rarely  lost. 
Facial  paralysis  is  one  of  the  conditions  in  which  the  difference 
between  the  two  currents,  in  their  power  of  producing  contrac- 
tions of  muscles,  is  typically  shown.  The  galvano-muscular  con- 
tractility sometimes  becomes  so  much  increased  that  when  the 
farado-muscular  contractility  is  entirely  abolished,  the  diseased 
muscles  respond  to  a  much  feebler  galvanic  current  than  is  neces- 
sary to  produce  contractions  on  the  healthy  side.  As  the  muscles 
resume  their  normal  condition  under  treatment,  the  galvano- 
muscular  contractility  diminishes. 

Treatment, — Facial  paralysis  should  be  treated  by  peripheral 
faradization  and  galvanization.  In  cases  that  are  supposed  to 
depend  on  central  disease,  mild  galvanization  of  the  brain  and 
sympathetic  are  indicated  and  faradization  of  the  affected  mus- 
cles should  be  used  with  great  caution. 

Prognosis, — This  depends  so  much  on  the  special  pathology 
that  it  is  hard  to  lay  down  any  general  rule.  In  uncomplicated 
cases  it  is  usually  favorable.  We  have  treated  8  cases.  Of  these 
5  recovered,  i  was  decidedly  benefited,  2  were  not  benefited. 

Facial  paralysis Jrom  exposure  to  cold — Loss  of  contractility  tofaradic  current 

— Improvement  under  the  galvanic  current. 

Case  87. —  Miss  P.,  a  stout,  vigorous  yoimg  lady  of  fifteen,  was  sent  to  us 
by  Dr.  F.  Elliott,  to  be  treated  for  paralysis  of  the  seventh  pair,  on  the  left 
side,  caused  by  exposure  to  a  draught  of  air  two  months  previous.  The 
paralytic  symptoms  came  on  suddenly  and  in  full  force  immediately  after  the 
exposure,  and  at  first  she  experienced  considerable  difficulty  in  speaking. 

She  gradually  became  so  accustomed  to  the  abnormal  condition  of  her  lips 
and  face  that  she  was  able  to  converse  almost  as  clearly  as  before  ;  but  the 
improvement  in  the  condition  of  the  paralyzed  muscles  was  very  slow,  and  at 
the  time  she  came  to  us  the  affection  appeared  to  be  almost  stationary.  At  the 
time  she  received  the  first  application  at  our  hands  (Aug.  i,  1862),  she  pre- 
sented most  of  the  usual  symptoms  of  paralysis  of  the  seventh  pair. 

Her  mouth  was  drawn  over  towards  the  healthy  side  so  violently  as  to  pro- 
duce considerable  deformity  when  she  laughed  or  conversed,  and  even  when  she 
smiled.  When  she  attempted  to  frown,  the  left  brow  remained  as  smooth  as 
that  of  a  child. 
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Her  left  eye  rolled  up,  and  when  she  attempted  to  close-  it,  the  lids  would 
not  approach  nearer  than  one-quarter  of  an  inch  to  each  other.  A  powerful 
faradic  current,  localized  in  the  affected  muscles,  produced  very  feeble  or  im- 
perfect contractions ;  while  on  the  sound  side  a  very  mild  current,  applied 
with  the  hand,  produced  active  contractions  of  all  the  principal  muscles.  The 
patient  was  so  well  in  all  other  respects,  that  we  decided  to  use  only  partial  or 
localized  electrization  over  all  the  muscles  on  the  left  side  of  the  face.  Two 
vigorous  applications  made  in  this  way,  one  electrode  being  placed  firmly  in  front 
of  the  ear,  and  the  other  passed  over  the  ramifications  of  the  seventh  pair  as  well 
as  over  the  individual  muscles  (Fig.  42,  p.  179),  did  not  seem  to  increase  to  any 
appreciable  extent  the  electro-muscular  contractility,  and  accordingly  we  re- 
solved to  adopt  an  entirely  different  method  of  warfare. 

The  next  time  we  localized  the  galvanic  current  through  the  left  side  of  the 
face,  and  with  the  best  results.  Contractions  of  the  ]>aralyzed  muscles  were  at 
once  produced  that  were  as  vigorous  and  as  natural  as  those  caused  by  the 
faradic  current  on  the  healthy  side,  and  by  a  current  that  had  no  effect  on  the 
healthy  side. 

The  patient  began  at  once  to  improve,  and  after  ten  visits,  distributed  over  a 
period  of  six  weeks,  she  was  dismissed  as  approximately  cured.  There  still  remain- 
ed some  deficiency  of  action  of  the  muscles  concerned  in  frowning  and  in  winking, 
but  the  expression  of  her  face,  both  in  repose  and  in  conversation,  was  normaL 

The  interesting  points  in  this  case  are  these  : — 

First, — The  galvanic  current  produced  contractions  and  wrought 
a  cure  when  the  induced  or  faradic  utterly  failed. 

Second.  — The  paralyzed  muscles  were  at  first  brought  to  con- 
traction by  a  galvanic  current  that  had  no  effect  wJiatever  on  the 
muscles  of  the  healthy  side.  As  the  patient  improved,  however,  it 
became  necessary  to  use  a  stronger  galvanic  current  in  order  to 
produce  the  contractions.  Towards  the  close  of  the  treatment, 
the  muscles  of  the  paralyzed  side  began  to  respond  to  the  faradic 
current.  These  apparent  inconsistencies  had  also  been  previ- 
ously observed  by  a  number  of  the  German  electro-therapeutists, 
and  also  by  Legros  and  Onimus.  The  late  P.  Victor  Bazire*  has 
recorded  an  experience  almost  precisely  similar. 

Partial  paralysis  of  the  right  side  of  tht  face^  with  contraction  of  muscles 
fo  Hawing  neuralgia — Approximate  recovery  under  localized  faradization. 

Case  88. — Miss  J.,  aged  forty,  came  to  us  in  the  early  part  of  September, 
1868,  to  be  treated  for  a  facial  paralysis  of  a  peculiar  character.     Her  face  was 

*  Notes  to  Translation  of  Trousseau's  I„ectures  on  Clinical  Medicine,  Part 
II.,  p.  33'- 
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dravm  to  the  right  side,  so  that  her  features  were  very  much  distorted.  We  at 
first  supposed,  and  very  naturally,  that  the  case  was  one  of  paralysis  of  the 
seventh  pair  of  the  left  side,  but  a  more  careful  examination  led  us  to  modify 
our  diagnosis. 

Her  history  was  as  follows : — Several  years  before,  while  occupied  in  a  day 
and  night  attendance  at  the  bedside  of  a  sick  friend,  she  was  suddenly  attacked 
with  severe  facial  neuralgia  of  the  right  side,  that  continued  to  annoy  her  for 
two  months.  The  disease  then  abated,  but  since  that  time  she  had  been  fre- 
quently harassed  by  persistent  numbness  in  the  right  arm  and  hand. 

On  localizing  a  strong  faradic  current  through  the  muscles  of  the  left  side 
of  the  face,  powerful  contractions  were  excited.  On  the  right  side  no  such 
effect  could  be  produced. 

Furthermore  her  right  eye  was  nearly  closed,  owing  to  a  partial  ptosis,  and 
while  she  could  easily  frown  and  corrugate  the  left  brow,  the  right  was  entirely 
smooth  and  expressionless.  It  was  very  evident,  both  from  the  history  of  the 
case  and  from  symptoms  at  the  time,  that  the  right  side  was  paralyzed,  and 
not  the  left,  as  at  first  appeared,  and  that  the  face  was  drawn  towards  the  right 
by  the  contractions  of  the  muscles  following  the  paralysis. 

Trousseau  has  described  this  condition  so  accurately  that  we  quote  his  own 
language  as  it  appears  in  the  translation  of  Bazaire.* 

After  relating  the  symptoms  of  a  patient  suffering  from  ]>aralysis,  he  says : — 
''If  left  facial  paralysis  was  thought  of  at  first  sight,  the  depression  of  the  lower 
lid,  and  the  less  marked  expansion  of  the  nostril  on  the  right  side,  were  already 
sufficient  to  cause  a  modification  of  the  diagnosis.  But  when  the  patient 
attempted  to  move  that  side  of  her  face  there  could  no  longer  be  any  hesitation, 
and  it  became  manifest  that  it  was  the  right  side  which  was  affected.  When 
she  spoke,  and  still  more  when  she  laughed,  her  face  was  pulled  with  force  to 
the  left,  the  upper  lip  and  the  ala  nasi  on  that  side  going  obliquely  upwards, 
and  the  labial  commissure  being  drawn  with  considerable  energy  upwards  and 
outwards.  When  she  attempted  to  blow,  her  left  cheek  swelled  and  her  mouth 
remained  closed  on  that  side,  whilst  her  right  cheek  was  flaccid  and  her  mouth 
opened  out  a  little  on  that  side.  Besides,  she  could  not  shut  her  right  eye, 
however  much  she  tried." 

In  this  case  we  used  only  the  faradic  current,  localizing  the  electricity  as 
nearly  as  possible  along  the  course  of  the  portio  dura  and  its  ramifications. 
To  accomplish  this  the  small  positive  electrode  was  pressed  firmly  on  the  point 
where  the  nerve  emerges  from  the  temporal  bone,  while  the  negative  was 
moved  along  its  various  terminal  branches  (Kig.  42,  p.  179). 

No  particular  results  were  obtained  from  the  first  application,  but  during  the 
second  visit  slight  contractions  were  produced  on  the  right  side,  and  it  was 
then  noticed  that  the  eyelid  did  not  fall  so  low  as  before. 

In  the  course  of  a  few  days  the  patient  again  visited  us,  when  the  improve- 

*  Lectures  on  Clinical  Medicine,  Part  II.,  p.  322. 
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ment  was  quite  marked.  There  was  considerable  relaxation  of  the  contracted 
muscles,  and  the  electro-muscular  contractility  was  readily  demonstrated.  At 
the  fourth  visit,  which  occurred  about  two  weeks  from  the  commencement  of 
treatment,  the  ptosis  was  hardly  noticeable,  and  the  power  of  corrugating  the 
occipito-frontalis  on  the  right  side  was  perfect.  There  still  remained,  however, 
some  distortion  of  the  features,  owing  to  the  obstinate  nature  of  the  muscular 
contractions,  and,  although  she  subsequently  received  quite  a  number  of  appli- 
cations, the  contraction  was  not  so  entirely  dissipated  as  were  all  the  other 
symptoms.  But  the  amelioration  was  so  complete  that  the  distortion  was 
little  noticed,  and  ceased  to  give  her  any  considerable  annoyance. 

DoubU  facial  paralysis — Probably  resulting  from  lesion  in  the  course  of  the 
nerves — No  improvement  under  localized  faradization. 

Case  89. — Mr.  M.  was  referred  to  us  by  Prof.  A.  Clark,  to  be  treated  for 
paralysis  of  both  sides  of  face.  In  the  month  of  March,  1862,  during  the 
retreat  of  the  Confederate  army  from  Kentucky,  this  gentleman,  after  pro- 
longed exposure  to  cold  and  wet,  was  attacked  with  facial  neuralgia  Pre- 
viously he  had  been  so  unfortunate  as  to  contract  syphilis  which  had  passed 
into  the  secondary  stage ;  but  for  several  years  he  had  been,  to  all  appearances, 
entirely  free  from  the  disease.  This  attack  of  neuralgia  was  followed  by  partial 
paralysis  of  the  right  side  of  the  face.  The  neuralgia  persisted  until  July,  but 
the  paralysis  has  continued  constant  until  the  present  time.  In  January,  1866, 
he  had  a  renewal  of  the  neuralgia,  which  this  time  attacked  the  left  side  of  the 
face.  It  was  of  an  intennittent  type,  and  on  the  25th  of  March,  without  a 
premonitory  symptom,  and  when  he  was  entirely  free  from  pain,  the  left  side  of 
the  face  became  completely  paralyzed.  He  gradually  lost  the  sense  of  hearing, 
and  in  two  weeks  was  absolutely  deaf.  When  brought  to  us  for  treatment  he 
was  suffering  from  paralysis  of  the  whole  face. 

He  was  unable  to  close  either  eyelid,  could  neither  elevate  the  eyebrows  nor 
frown.  He  had  but  little  control  over  the  mouth,  and  as  a  consequence  his 
speech  was  very  imperfect.  **  The  motionless  face  assumed  a  peculiar  aspect, 
and  looked  like  a  lifeless  mask,  on  which  the  imj)ressions  of  the  soul  were  no 
longer  expressed  but  by  changes  of  color."  We  had  but  little  hope  of  benefit- 
ing him,  nor  were  wc  disappointed  ;  for  after  a  month  of  faithful  and  hopeful 
perseverance  on  the  part  of  the  patient,  not  the  slightest  imj)rovement  was 
observed.  For  a  little  time  after  an  application  he  seemed  to  possess  more 
control  over  the  muscles  of  the  eye  and  mouth,  and  his  articulation  was  evi- 
dently more  distinct.     The  galvanic  current  was  not  used. 

By  far  the  most  important  treatise  e\'^r  offered  on  the  subject 
of  traumatic  paralysis,  and  one  of  the  most  readable  of  recent 
contributions  to  the  department  of  nervous  diseases,  is  the  little 
monograph  of  Drs.   Mitchell,  Morehouse,  and  Keen.      As  this 
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work,  valuable  as  it  is,  is  in  the  hands  of  comparatively  few 
physicians,  we  thought  it  best  to  condense  very  briefly  some  of 
their  leading  observations  and  conclusions.  For  details  we  refer 
to  the  work  itself.* 

These  observers  were  enabled  to  study  and  record  1 20  cases  of 
injury  to  nerves,  which  are  treated  of  under  the  following  heads  : — 

Primary  effects  of  wounds  and  other  injuries  of  nerves, — These  are  shock 
(which  is  treated  of  under  reflex  paralysis),  paralysis  of  motion  and  sensation, 
the  former  being  unaccountably  more  frequent  than  the  latter,  and  pain  else- 
where than  in  the  wound. 

Injury  of  nerve-centres, — A  ball  passing  over  the  spine  posteriorly  may  cause 
paralysis  of  motion  and  sensation. 

Injury  of  sympathetic, — In  one  case,  the  passage  of  a  ball  behind  the  ramus 
of  the  jaw  on  the  right  side,  by  the  anterior  border  of  the  stemo-cleido-mastoid 
muscle,  and  emerging  in  front  of  the  jaw  on  the  left  side,  caused  headache,  con- 
tracted pupil,  ptosis,  congestion  of  conjunctiva,  unilateral  flush  on  exertion, 
and  appearance  of  altered  size  of  eye-balL 

Injury  to  nerves, — Wounds  of  ner\'es  sometimes  aflected  other  branches  of 
the  plexus.  This  eflect  may  be  attributed  either  to  reflex  action  or  to  exten- 
sion of  inflammation.  A  prominent  eflect  of  injury  to  a  nerve  is  impairment 
of  nutrition,  and  of  the  muscles  supplied  by  that  nerve.  This  waste  is  accom- 
panied by  enfeeblement  of  the  pulse,  that  may  be  either  slow  or  rapid.  It 
may  attack  one  muscle  or  several  muscles.  Atrophy  begins  with  flabbiness,  and 
may  result  in  contraction  caused  by  shortening  of  opposing  muscles,  or  by  spasms. 
Atrophy  from  pure  cerebral  palsy  rarely  if  ever  exists.  The  three  results  of 
injury  to  a  nerve — paralysis  of  motion,  of  sensation,  and  atrophy — do  not  neces- 
sarily go  together ;  they  occur  in  the  same  case  in  diflerent  degrees. 

Glossy  or  shining  skin,  resembling  cicatrices  of  wounds,  was  observed. 
The  part  loses  its  wrinkles  and  its  hair. 

Eczematous  eruptions  were  often  observed.  Sometimes  they  came  and 
went,  being  absent  for  several  weeks.  A  very  interesting  fact  (and  one  often 
observed  in  other  conditions)  was  that  the  recurrence  of  the  eruption  relieved 
certain  painful  symptoms ;  when  the  eczema  came  back  the  pain  declined. 

The  nails  and  hair, — The  hair  disappeared  from  the  aflected  fingers ;  the 
nails  became  deformed,  and  even  more  markedly  than  in  tul)erculosis.  This 
deformity  consisted  in  *'  a  curve  in  its  long  axis,  an  extreme  lateral  arching,  and 
sometimes  a  thickening  of  the  cutis  beneath  its  extremity."    In  other  cases  **  the 

♦  Gtmshot  Wounds  and  other  Injuries  of  Nerves.  By  S.  Weir  Mitchell,  M. 
D.,  George  R.  Morehouse,  M.D.,  and  William  W.  Keen,  M.D.,  Acting  As- 
sistant Surgeons  in  charge  of  U.  S.  A.  Wards  for  Diseases  of  the  Nervous  Sys- 
tem, Turner's  Lane  Hospital.     Philadelphia :  J.  B.  Lippincott  &  Co.  1864. 
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skin  at  that  end  of  t])e  nail  next  to  the  third  finger-joint  becomes  retracted, 
leaving  the  sensitive  matrix  partly  exposed.  At  the  same  time,  the  upper  line 
of  union  of  skin  and  nail  retreats  into  or  under  the  latter  part,  and  in  those  of 
a  smooth  edge  is  seen  through  the  nail  as  a  ragged  and  notched  border." 

Pain  of  a  burning  character  accompanied  the  glossy  skin. 

Inflammation  of  t/u  joints  resembling  rheumatism,  and  resulting  in  partial 
anchylosis.* 

Tht  secretiofu  of  the  wounded  limbs  were  either  excessive,  or  the  reverse ; 
sometimes  the  perspiration  was  altered,  became  acid  like  vin^ar,  or  in  some 
way  disagreeable. 

Lesion  of  sensation. —'RsLttXy  there  was  either  cutaneous  or  muscular  hyper- 
asthe&ia.  Anaesthesia  is  not  a  constant  symptom,  even  where  electro-muscular 
contractility  was  entirely  lost. 

The  electric  brush  is  the  final  test  of  paralysis  of  sensation ;  it  may  reveal 
sensation  when  other  tests  fail. 

Pain  following  injuries  to  nerves  may  be  of  a  dull,  darting,  or  burning  char- 
acter.  Burning  neuralgic  pain  is  a  most  distressing  symptom  that  may  long 
remain  after  the  healing  of  the  wound,  and  it  is  usually,  though  not  always, 
associated  with  the  glossy  skin.  The  temperature  of  the  burning  part  was 
raised. 

Numbness,  with  many  other  abnormities  of  feeling,  was  observed  from  slight 
injury  to  a  nerve.  It  sometimes  existed  in  parts  where  no  loss  of  sensibility 
could  be  detected  by  the  aesthesiometer.f  Deficiency  in  the  power  of  localizing 
sensation  was  noticed  in  traumatic  as  in  spinal  paralysis. 

Influence  of  wounds  upon  muscular  moz'cment. —  Nerve  lesions  cause  mus- 
cular paralysis,  contractions,  or  alterations  in  the  joints. 

Spasms  or  tremors  may  occur. — In  spasmodic  shortening  of  the  muscles,  the 
electro-muscular  contractility  is  normal  or  increased. 

Diagnosis,  prognosis,  and  treatment  by  electrization.  —  The  remarks 
of  the  authors  on  this  subject  nearly  agree  with  what  has  already  been 
stated  in  previous  chapters.  The  points  of  special  interest  which  they  mention 
are  that  electro-sensibility  may  be  greatly  heightened  through  hypersesthesia  of 
the  muscles,  so  that  the  current  will  not  be  borne  ;  that  a  diseased  muscle  may 
respond  to  the  will  and  not  to  the  electric  current  (as  pointed  out  by  Duchenne) ; 
that  faradization  should  be  discontinued  when  pain  appears,  although  the 
appearance  of  pain  is  a  good  symptom ;  that  spasmodic  contractions  of  long 
muscles  would  not  yield  to  electrization  of  the  opponent  muscles ;  and  that  in 
nearly  all  cases  the  faradization  must  be  used  with  great  perseverance. 

*  We  have  observed  the  same  in  a  case  of  hemiplegia.  Vide  Remarks  on  Af- 
fections of  Joints  in  Hemiplegia. 

f  We  have  observed  the  same  phenomena  in  paralysis  from  cerebral  and 
other  causes.      Vide  chapter  on  Anaesthesia. 
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Pathology  of  Injured  Nerves. — According  to  Erb,  definite  and 
important  changes  take  place  in  the  nerve  after  it  has  been  in- 
jured. At  first  there  is  congestion  of  the  marrow,  which  becomes 
divided  into  cylinders ;  these  cylinders  merge  into  oil  globules, 
surrounded  with  granules  of  fat,  and  the  fibres  increase  in  diam- 
eter. In  the  third  week  the  fat  and  marrow  diminish,  and  nuclei 
appear.  The  fibre  becomes  reduced  to  a  small  band  composed 
of  healthy  fibre  and  axis  cylinder.  New  marrow  is  now  deposited 
around  the  axis  cylinder  of  the  marrow  that  has  remained  uninjured. 
When  these  have  attained  their  full  development,  the  nerve  re- 
sumes its  electro-conductibility.  Regeneration,  Hke  degener- 
ation of  a  nerve,  takes  place  from  the  seat  of  injury  towards 
the  periphery. 

Inflammation  of  the  neurilemma  takes  place  at  the  seat  of 
injury,  with  proliferation  of  cells  and  shrinking  of  the  connective 
tissue.  This  process  appears  in  the  neurilemma  of  the  entire 
peripheral  portion  of  the  nerve.  Granular  spindle-shaped  cells 
appear  in  the  neurilemma.  The  neurilemma  becomes  thickened, 
and  the  connective  tissue  harder  and  tougher.  Fibres  take  the 
place  of  the  cells.  Regeneration,  though  at  first  impeded  by  the 
hardness  of  the  sheath  that  encloses  the  nerve-fibre,  yet  in  time 
becomes  complete. 

MUSCULAR   PARALYSIS. 

Under  peripheral  paralysis  may  properly  be  included  cases 
of  muscular  paralysis  described  in  the  "  Pathologie  und  Th era- 
pie  der  Muskell&hmungen,"  by  Dr.  H.  Friedberg,  inasmuch  as 
this  condition  is  very  frequently  of  peripheral  origin. 

This  condition  consists  in  a  disorder  of  the  assimilative  process 
of  the  muscles,  and  is  termed  myopathic  paralysis,  in  contradis- 
tinction to  neuropathic  paralysis  resulting  from  injury  to  the 
brain,  spinal  cord,  or  peripheric  nerves. 

In  paralysis  resulting  from  injury  to  a  nerve  the  assimilative 
action  of  the  muscular  tissue  is  ultimately  disturbed.  This  dis- 
turbance is  necessarily  only  a  secondary  cause  of  whatever  paraly- 
sis may  exist. 

In  the  so-called  myopathic  paralysis,  however,  the  disturbance 
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in  the  nutrition  of  the  muscle  is  the  primary  cause  not  only  of  the 
loss  of  power,  but  also  of  ^^  partial  ox  entire  absence  of  the  elec- 
tro-muscular contractility.  The  prognosis  in  any  given  case  de- 
pends in  a  great  measure  upon  the  degree  of  depression  in  the 
electro-muscular  contractility  and  sensibility  in  the  affected  part. 
According  to  the  above-mentioned  author,  as  quoted  by  Meyer, 
muscular  paralysis  may  be  induced  by  the  following  causes  : — 

I  St.  A  similar  disturbance  in  adjacent  organs,  communicating 
itself  to  the  muscles,  as  paralysis  of  the  deltoid  muscle,  in  conse- 
quence of  inflammation  of  the  shoulder-joint,  etc. 

2d.  The  effect  of  external  force,  as  wounds,  excessive  straining. 

3d.  A  sudden  change  of  temperature. 

4th.  Various  diseases  of  the  blood.* 

5th.  Deficient  supply  of  blood,  or  repressed  muscular  move- 
ments. 

6th.  Unknown  causes,  numerous  cases  of  progressive  muscular 
atrophy,  etc. 

The  following  case,  directed  to  us  by  Dr.  J.  O.  Farrington,  of 
this  city,  will  illustrate  the  variety  of  peripheral  paralysis  imder 
consideration : — 

Muscular  paralysis  of  right  thigh :  apparently  produced  by  exposure  to  cold — 
AtUEsthcsia — Improvement  under  galvanization — Increase  in  size  0/  limb. 

Case  90. — Miss  F.,  aged  about  20,  first  observed  a  slight  pain  and  soreness 
in  the  muscles  of  the  right  thigh,  that  readily  yielded  to  a  few  applications  of 
the  faradic  current.  Five  months  subsequently,  after  several  hours*  exposure  to 
cold  and  wet,  she  experienced  considerable  pain  in  the  right  limb,  and  also  a 
marked  degree  of  stiffness,  that  disappeared  temporarily  afler  walking  a  few 
times  around  the  room. 

In  a  few  days  the  pain  extended  to  the  hip  and  involved  the  whole  limb, 
which  soon  became  completely  paralyzed,  and  for  two  weeks  she  suffered  exces- 
sive pain  both  day  and  night.  Three  months  later,  when  it  was  decided  that 
the  patient  should  be  treated  by  electricity,  she  was  able  to  move  about  the 
house  with  the  aid  of  crutches,  although  the  limb  remained  almost  perfectly 
powerless. 

The  anaesthesia  over  the  quadriceps  muscle  was  very  decided,  the  aesthesiome- 
ter  producing  two  impressions  only  when  its  points  were  separated  four  inches, 
and  the  electro-muscular  contractility  was  entirely  absent  in  all  the  external  or 

*  Muscular  paralyses  from  these  causes,  according  to  our  classification,  are  to 
be  regarded  as  constitutional. 
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surface  muscles  of  the  thigh  and  in  a  portion  of  the  1^.  The  thigh  had  atro* 
phied  to  the  extent  of  an  inch  and  one-half. 

Ten  applications  of  the  faradic  current  entirely  dissipated  the  anaesthesia,  so 
that  it  was  necessary  to  separate  the  aesthesiometer  but  three-quarters  of  an  inch, 
in  order  that  two  impressions  might  be  received. 

The  same  current  partially  restored  also  the  electric  contractility  of  the  dis- 
eased muscles ;  but  it  was  not  tmtil  a  galvanic  current  of  considerable  intensity 
was  employed  a  number  of  times,  that  they  responded  healthfully  to  its  influ- 
ence. 

The  faradic  current  was  again  resorted  to  and  persistently  used  for  several 
months. 

The  limb  gradually  increased  in  strength,  so  that  she  was  able  to  walk  read- 
ily with  the  aid  of  a  cane.  It  increased  also  in  size,  so  that  around  the  thigh 
it  measured  but  one-quarter  of  an  inch  less  than  the  sound  limb.  Time  alone 
can  tell  whether  she  will  ultimately  legain  complete  control  over  the  diseased 
member. 

Paralysis  from  pressure, — Paralysis  sometimes  occurs  from 
pressure  on  the  nerves  of  the  arm  during  sleep.  It  occurs  most 
frequently  in  persons  who  are  intoxicated  Such  cases  taken  in 
time  usually  yield  to  electrization,  but  they  are  more  obstinate 
than  would  be  supposed  from  their  causation. 

Two  cases  of  this  form  of  paralysis  have  fallen  under  our  ob- 
servation. 

Calorific  paralysis, — Under  this  head  Benedikt  records  a  case 
of  paralysis  caused  by  the  contact  of  glowing  hot  iron  with  the 
skin,  at  a  point  near  the  radial  nerve.  The  nerve  was  not  directly 
injured,  but  paralysis  with  anaesthesia  ensued.  The  patient 
recovered  after  a  number  of  sittings.  Both  galvanic  and  faradic 
currents  were  employed.* 

REFLEX   PARALYSES. 

Under  this  head  are  included  those  peripheral  paralyses  which 
arise  by  reflex  action  through  the  central  nervous  system,  from 
some  remote  part  of  the  body. 

The  views  of  Brown-S6quard  in  regard  to  the  pathology  of 
reflex  paralyses  are  so  well  known  that  it  is  unnecessary  to  more 
than  refer  to  them. 

Paralysis  that  arises  by  reflex  action  may  remain  long  after  the 
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morbid  condition  that  caused  it  has  entirely  disappeared.      Many  ] 
cases  of  paraplegia  and  infantile  paraljsis  are  of  a  reflex  charac- 
ter.     The  former  is  most  likely  to  be  reflected  from  the  urinary  I 
and  genital  organs,  and  the  latter  from  the  irritation  of  teething,  J 
and  diseases  of  the  bowels. 

Treatment. — Local  faradization  or  galvanization  is  required,  J 
in  this  form  of  paralysis.  This  treatment  should  be  directed  not  J 
only  Co  the  paraly/.ed  muscles,  but  also  in  some  cases  to  the  dis-.  \ 
eased  part  from  which  the  paralysis  is  reflected. 

Prognosis. — 'i'his  is  much  more  favorable  than  in  paralysis  that  | 
directly  proceeds  from  organic  disease.  Everything  depends 
the  nature  and  locality  of  the  irritation.  Of  our  cases  of  paralysis'  ] 
19  are  registered  as  peripheral,  of  which  a  small  proportion  were  J 
regarded  as  reflex.  Of  these  6  recovered,  4  approximately  recov-". 
ered,  6  were  decidedly  benefited,  2  were  not  benefited,  and  ii 
case  the  result  was  unknown. 
TvpUat  case  of  cempUte  refiix  parafysii  of  the  sevmlA  fair  oh  He  right  liiU 

of  Iki/aee,  /oUouiing  severe  iieurfUgia  of  Ihefi/lh  pair  an  l/ie  same  sidt. 

Case  gi.^The  patient,  a  lady  aged  30,  hid  suffered  severely  at  intervals; 
but  some  weeks  previously  an  attack  of  sharp  shooting  pains,  of  far  more  Ihi 
ordinary  severity,  was  foUoH-ed  in  the  course  of  yvieUe  hours  by  symptoi 
ot  facial  paralysis,  which  gradually  increased  until  the  loss  of  power  was  almoA'  | 
complete. 

The  muscles  responded  to  ibe  influence  of  faradualion,  but  there  was  a  1 
fcst  decrease  of  the  electro-muscular  contractility.  Three  applications  of  die  I 
faiadic  current  to  the  affected  side  completely  restored  the  contractile  power  of^ 
the  muscles,  and  three  similar  applications  removed  the  paralysis. 
Reflex  paralysis  of  > hi  left  arm,  apparentl]/  from  neuralgia  af  short  dura*^ 
lion — Reeavery  under  faradisation. 

Case  92. — Mrs,  W.,  ^ed  31,  consulted  us  February  \,  1867-  She 
suffering  from  general  neuralgia,  which  was  espci;ia!ly  localized  in  the  left  a 
Appetite,  digestion,  and  sleep  were  all  poor. 

There  was  paraly^s  nearly  complete  of  the  left  arm.  We  b^^  treaCmmC'l 
by  general  and  localized  faradization.  In  one  week,  after  three  sittings,  tl»B-T 
paraly^  disappeared.  Treatment  by  general  faradization  was  subsequently  j 
continued,  for  the  purpose  of  raiang  tlie  tone  of  the  system. 

The  query  arose  whether  in  the  above  case  the  paralysis 
ilue  10  hysteria  or  the  reflex  action  from  neuralgia.* 


Vide  Brown-S^iuard's  lectures  on  Paralysis  of  the  Lower  Ext 
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We  here  desire  to  call  attention  to  a  more  infrequent  form  of 
reflex  paralysis,  the  peculiar  features  of  which  have  been  ably 
set  forth  in  a  circular  issued  from  the  Surgeon-General's  office.* 

In  this  circular  the  authors  detail  seven  cases  of  paralysis  of  a 
remote  part  or  parts,  produced  **  by  a  gunshot  wound  of  some 
prominent  nerve,  or  of  some  part  of  the  body  which  is  richly 
supplied  with  nerve-branches  of  secondary  size  and  importance." 

The  relation  of  the  seat  of  the  wound  to  the  part  or  parts  paralyzed  was 
as  follows : — 

"2D  Case. — Fragment  of  shell ;  wound  of  muscle  over  and  external  to  the 
right  femoral  artery.  The  injury  may  have  caused  concussion  of  the  crural 
nerve.     Result,  — Reflected  paralysis  of  the  right  arm  and  leg,  and  of  the  left 

"  3D  Case. — Probable  injury  of  the  sciatic  nerve  (commotion).  Result. — Re- 
flex paralysis  of  the  right  arm. 

**4TH  Case. — Ball  wound  of  right  testicle;  paralysis  of  right  anterior  tibial 
muscle  and  peroneus  longus, 

"5TH  Case. — Wound  by  fragment  of  shell  in  external  side  of  left  thigh  ;  par- 
alysis of  tact  on  a  corresponding  part  of  right  thigh. 

"6th  Case. — Ball  wound,  probably  involving  the  cniral  nerve.  Result. — 
Paralysis  of  right  arm. 

**7TH  Case. — Ball  wound  of  deltoid  muscle ;  sensory  and  slight  motor  para- 
lysis of  same  arm. 

**  In  one  case  the  left  arm  recovered  without  treatment  in  four  weeks,  leaving 
only  a  slight  loss  of  touch  in  the  terminal  distribution  of  the  ulnar  nerve.  The 
right  arm,  which  we  also  regarded  as  reflectively  paralyzed,  recovered  sensation 
early,  but  was  useless  as  to  motion  until  it  was  treated  and  cured  by  faradiza- 
tion, 18  months  after  it  was  first  injured.  Case  2  came  under  our  care  seven 
months  after  he  was  wounded  ;  as  to  his  previous  treatment  we  know  nothing. 
In  our  hands  strychnia  not  only  failed  to  aid  him,  but  did  harm.  He  was  rap- 
idly relieved  by  faradization,  active  and  passive  movement,  and  the  douche, 
with  iron,  quinine,  and  liberal  diet." 

"Case  3  used  a  liniment  on  the  paralyzed  arm,  \vith  some  improvement. 
Faradization  has  restored  it  completely. 

"  Case  4  relieved  by  faradization. 

"Case  5,  no  treatment ;  lesion  of  sensation  only. 

"Case  6,  a  stimulating  liniment  applied  upon  the  arm  seems  to  have  been  of 
use.     As  in  case  3,  the  employment  of  crutches  caused  a  relapse." 

*  Circular  No.  6.  Reflex  Paralysis.  Founded  chiefly  on  cases  observed  in 
U.  S.  General  Hospitals,  by  S.  Weir  Mitchell,  M.  D.,  Geo.  R.  Morehouse, 
M.D.,  and  Wm.  W.  Keen,  Jr.,  M.D.     March  10,  1864. 
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"  Case  7  seems  to  have  been  accidentally  benefited  through  the  blistering  to 
which  the  arm  was  subjected  after  exposure  to  the  sun — a  useful  hint  in  like 
cases.     No  other  treatment  was  employed. 

**  In  only  one  of  the  foregoing  cases  was  there  any  manifest  decrease  in  the 
electro-muscular  contractility  of  the  paralyzed  limb.'* 

Brown-Sequard  regards  the  ultimate  cause  of  reflex  paralysis  to 
be  a  contraction  of  the  capillary  blood-vessels  of  the  central  ner- 
vous system. 

While  acknowledging  this  explanation  to  be  both  plausible 
and  ingenious,  the  authors  above  quoted  propose  another  theory. 
They  do  not  think  it  probable  that  contraction  of  the  capillary 
blood-vessels  can  continue  for  a  long  time,  and  consequently  to 
their  minds  it  seems  more  plausible  to  ascribe  reflected  paralysis 
to  an  exhausted  irritability  of  the  nerve-centres,  or  else  to  pre- 
vious paralysis  of  its  vaso-motor  nerves. 


CHAPTER  XXV. 

LOCOMOTOR  ATAXY  (TABES  DORSALIS). 

The  importance  of  locomotor  ataxy  is  heightened  from  the 
fact  that  it  passes  by  the  cradle,  and  leaves  the  aged  and  infirm 
unscathed,  that  it  may  render  helpless  and  finally  destroy  those 
in  the  vigor  of  early  and  mature  manhood. 

When  the  disease  is  fully  developed,  the  want  of  power  to  co- 
ordinate the  movements  of  the  lower  limbs  is  so  marked  and 
characteristic,  that  the  disorder  is  no  more  liable  to  be  mistaken 
than  are  the  symptoms  which  indicate  chorea.  Trousseau,  whose 
descriptions  are  always  so  beautiful  and  life-like,  thus  portrays  the 
gait  of  an  ataxic  patient :  "  When  children  walk  along  a  narrow 
plank,  or  the  edge  of  a  boat,  you  must  have  noticed  the  peculi- 
arity of  their  gait.  In  order  to  maintain  their  equilibrium,  they 
take  one  step  forward,  stop,  sometimes  go  backward  again,  and 
incline  their  body  to  one  side  or  the  other,  instinctively  putting 
their  arms  out  like  a  sort  of  balancing-pole.  In  fact,  theii*  move- 
ments resemble  those  of  an  unskilled  rope-dancer,  "* 

In  a  more  advanced  stage  of  the  disease,  the  patient,  when 
attempting  to  walk,  throws  his  limbs  about  in  greater  disorder. 
His  heels  come  to  the  ground  heavily  at  every  step,  and  unless 
he  has  a  cane  with  which  to  support  himself,  he  sways  from  side 
to  side,  and  involuntarily  extends  his  arms  to  prevent  himself  from 
falling.  When  walking  he  is  inclined  to  keep  his  eyes  fixed  upon 
his  feet,  watching  every  step,  for  it  is  a  peculiar  feature  of  the  dis- 
ease that  the  sight  is  necessary  for  the  preservation  of  the  equili- 
brium. Let  him  place  his  feet  firmly  together  and  close  his  eyes, 
and  he  will  immediately  oscillate,f  and  will  soon  fall  if  not  caught. 

*  Trousseau's  Lectures  on  Clinical  Medicine.     Part  I.,  p.  151. 

f  The  importance  of  this  symptom — inability  to  stand  firmly  with  closed 
eyes — has  been  overrated  in  locomotor  ataxy,  smce  it  is  common  to  very  many 
morbid  conditions  of  the  central  nervous  system. 
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The  anaesthesia,  which  is  a  premonitory  symptom,  and  in  the  first 
stages  was  slight,  is  now  more  marked  and  general,  and  serves 
very  decidedly  to  aggravate  the  inco-ordination  of  movement 
The  fingers  fi-equently  become  so  anaesthetic  that  their  delicate 
sense  of  touch  is  lost,  and  their  dexterity  of  manipulation  impaired. 
This  is  owing  mainly  to  paralysis  of  the  ulnar  nerve,  which  is  a 
frequent  premonitory  symptom  in  this  affection. 

Through  all  this  the  patient  may  retain  a  good  degree  of 
strength,  and  will  walk  as  far  and  as  long  on  level  ground  as  ever 
without  fatigue. 

In  going  up  or  down  stairs,  however,  he  experiences  difficulty, 
and  especially  in  the  descent ;  his  efforts  are  slow  and  laborious. 

Further  on,  there  comes  a  time  when  his  steps  are  so  irregular 
and  his  movements  so  violent,  that  a  short  walk  completely  ex- 
hausts him,  and  soon  he  is  utterly  unable  to  progress  unless  he  is 
supported  firmly  on  either  side.  Finally,  he  takes  to  his  bed, 
never  more  to  leave  it  until  inevitable  death,  perhaps  through 
some  other  disease,  supervenes. 

The  leading  and  most  recent  ideas  concerning  locomotor 
ataxy  may  be  thus  briefly  summed  up  : — 

Symptoms. — The  symptoms  may  be  divided  into  four  stages. 
The  symptoms  of  the  premonitory  stage  are  various  and  not  well 
defined.  They  are  twitchings  of  the  muscles  ;  localized  pain,  or 
sensation  of  cold  or  numbness,  of  stinging,  tingling,  or  crawling  in 
different  parts  of  the  face ;  unusual  disposition  to  fall  asleep  of 
the  sciatic  or  ulnar  nerves,  on  slight  pressure ;  slight  involuntary 
movements  of  the  eye  lids,  cheeks,  or  lips  ;  sudden  jerkings 
and  startings  in  sleep  ;  spasms  or  spasmodic  jerkings,  referable  to 
the  stomach  and  head,  occurring  mostly  at  night ;  difficulty 
in  grasping  or  handling  small  objects,  in  buttoning  one's 
clothes,  writing,  or  picking  up  a  pin  ;  specks  before  the  eyes ; 
pain  in  the  back  ;  sense  of  weakness  in  the  upper  or  lower  limbs, 
especially  after  exertion ;  diminution  or  abnormal  excitation  of 
sexual  power ;  cottony  or  cushion-like  feeling  of  the  soles  of  the 
feet.  These  symptoms  are  not  diagnostic  ;  they  may  all  occur  in 
conditions  that  never  go  on  to  locomotor  ataxy.  They  may  oc- 
cur in  spinal  irritation  or  spinal  congestion,  and  may  be  premon- 
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itory  of  myelitis  as  well  as  of  locomotor  ataxy.  They  do,  how- 
ever, occur  in  cases  that  eventuate  in  locomotor  ataxy  as  well  as 
in  other  lesions  of  the  cord,  and  when  they  occur  they  may  give 
rise  to  the  suspicion  that  unless  remedied  they  will  lead  to  loco- 
motor ataxy,  for  ataxic  patients  experience  these  symptoms,  and 
accordingly  they  deserve  consideration. 

There  is  little  doubt  that  many,  perhaps  the  majority  of  cases 
who  exhibit  these  symptoms  go  no  further ;  and  there  is  every 
probability  that  if  all  cases  could  be  treated  during  this  stage, 
locomotor  ataxy  would  cease  to  be  regarded  as  incurable  or  even 
the  most  intractable  of  diseases.  Unfortunately,  these  premoni- 
tory symptoms  are  not  uniform,  and  when  they  do  occur  are  so 
light  as  not  to  attract  attention.* 

Second  stage. — Fugitive,  wandering  neuralgic  pains  of  a  stab- 
bing, lancinating,  boring,  gnawing  character  in  all  parts  of  the 
body,  but  especially  in  the  lower  limbs,  coming  on  at  intervals  ; 
feeling  of  constriction  in  different  parts  of  the  lower  limbs 
amaurosis,  strabismus,  or  ptosis,  diplopia,  or  some  disorder  of  vi- 
sion, with  unequal  pupils ;  impairment  of  sexual  power,  injection 
of  conjunctiva.  None  of  these  symptoms  are  uniform,  not  even 
the  neuralgic ;  locomotor  ataxy  may  arise  without  any  of  these. 
On  the  other  hand,  myelitis  is  sometimes  preceded  for  a  long  time 
by  neuralgic  pains  in  the  lower  limbs. 

In  the  third  stage  is  the  characteristic  unsteady,  irregular,  hitch- 
ing, staggering,  tottering  gait ;  tottering  when  the  eyes  are  closed 
and  feet  are  close  together ;  difficulty  of  going  up-stairs  and  in  turn- 
ing round  rapidly ;  sometimes  difficulty  of  locomotion,  first  felt 
in  the  night  time ;  anaesthesia  and  numbness  in  the  feet  and  legs. 

In  the  fourth  stage  there  is  aggravation  of  the  symptoms  of 
the  third  stage,  sometimes  accompanied  with  impairment  of  nu- 
trition. 

These  different  stages  may  be  separated  by  intervals  of  several 
weeks,  months,  and  even  years,  and  the  duration  of  the  disease 
ranges  between  a  few  months  and  thirty  years.  As  these  stages 
also  are  but  rarely  defined  in  any  individual  case,  they  run  into 

*  For  interestin}r  remarks  on  the  formation  stage  of  locomotor  ataxy,  see 
Dr.  Clymer's  paper  in  Medical  Record,  Feb.  i,  1870,  p.  522. 
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each  other  and  form  one  history.  The  diagnosis  of  locomotor 
ataxy  is  not  usually  made  until  the  third  stage.  The  characteris- 
tic symptoms  by  which  the  disease  is  usually  suspected  and  deter- 
mined are  inability  to  co-ordinate  movements;  in  walking  the 
hitching,  jerking  gait ;  difficulty  of  grasping  and  holding  objects  ; 
unsteadiness  when  standing  with  the  feet  together  and  the  eyes 
closed.  These  symptoms,  when  accompanied  by  a  history  of  dis- 
turbances of  vision,  boring,  stabbing,  lancinating  pains  in  the  low- 
er limbs,  make  out  the  diagnosis. 

It  will  be  observed  that  some  of  the  symptoms — as  unsteadiness 
when  standing  with  closed  eyes,  neuralgic  pains  in  the  limbs — are 
not  peculiar  to  locomotor  ataxy,  but  are  observed  also  in  other 
diseases  of  the  spinal  cord  (see  p.  415).  The  diagnosis  is  only 
made  out  by  taking  all  these  symptoms  together. 

Other  symptoms  that  occur  in  locomotor  ataxy  are  acceleration 
of  the  pulse,  without  increase  of  temperature  of  the  body,  from 
90  to  1 24 ;  palpitation  of  the  heart ;  gastric  disturbances ;  pain  in 
epigastrium,  with  vomiting ;  nervous  or  spasmodic  cough,  deaf- 
ness, and  tinnitus  aurium  ;  paralysis  of  the  cranial  nerves ;  feeling 
of  constriction  about  the  waist ;  loss  of  control  over  the  rectum ; 
tenderness  of  some  of  the  vertebrae ;  cramp  of  the  muscles,  and 
affections  of  the  joints  resembling  rheumatism.* 

The  disease  is  sometimes  complicated  with  muscular  atrophy, 
ordinary  myelitis,  and  progressive  paralysis  of  the  cranial  nerves. 

An  interesting  point  in  the  history  of  locomotor  ataxy  is  the  abnormally 
slow  rate  at  which  the  nervous  force  travels,  and  the  long  time  that  elapses 
before  a  peripheral  impression  is  perceived  by  the  patient. 

In  a  case  of  advanced  locomotor  ataxy  which  we  saw  in  the  Charity  Hospital, 
in  Berlin,  there  was  an  interval  of  twelve  seconds  before  the  deep  prick  of  a 
needle  was  felt  by  the  patient.  In  one  of  Dr.  Lockhart  Clark's  cases  three  or 
four,  and  in  another  twenty  minutes  elapsed  before  the  patient  felt  the  pain  from 
the  prick  of  a  needle.  The  electric  current  is  sometimes  not  felt  for  several 
seconds.  Ataxic  patients  who  cannot  at  once  pick  up  a  small  object,  may  be 
able  to  do  so  after  they  have  allowed  their  fingers  to  rest  on  the  object  until 
the  impression  has  been  transmitted  to  the  nerve-centre. 

Causation. — A  prominent  cause  of  locomotor  ataxy  as  of  pro- 

•  Die  Gelenkaffectionen  in  Verlaufe  der  Tabes  Dorsalis  (locomotor  ataxy), 
von  Dr.  Benj.  Ball,  Schmidt  Jahrbucher.     Band  146,  No.  5,  187a 
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gressive  muscular  atroi)hy,  is  taking  cold  after  severe  exertion. 
The  common  causation  of  the  two  diseases  and  their  occasional 
complication  tends  to  confirm  the  belief  that  the  latter  is  also  a 
disease  of  the  spinal  cord. 

It  is  probable,  also,  that  locomotor  ataxy  may  be  caused  by 
sexual  excesses  ;  certain  it  is  that  when  the  disease  is  present  it 
is  much  aggravated  by  excitation  of  the  sexual  organs.  The 
fact  that  locomotor  ataxy,  like  spinal  irritation,  is  usually  a  disease 
of  maturity,  rarely  occurring  before  puberty  or  in  very  old  age  after 
the  decay  of  the  sexual  passion,  gives  support  to  the  theory  that 
it  may  be  brought  on  by  sexual  excitement. 

The  range  of  capacity  for  sexual  excitation  in  different  temperaments  is  so 
wide  that  it  has  been  found  practically  impossible  to  fix  any  mathematical 
average  that  will  apply  to  any  considerable  number  of  the  human  family. 
When  we  consider  the  monstrous  abuses  to  which  the  genital  organs  are  with 
apparent  impunity  subjected ;  that  the  wild  excesses  of  fast  young  men  are 
only  exceptionally  followed  by  disease  of  the  nervous  system  ;  that  the  immo- 
deration of  newly-married  men  but  rarely  leads  to  any  more  than  temporary 
disturbance ;  that  the  armies  of  prostitutes,  whose  days  and  nights  are  devoted  to 
sexual  indulgence  (though  not  always  con  amore),  are  not,  as  has  been  supposed, 
doomed  to  early  destruction ;  but,  as  the  recent  investigations  of  DuChatelet  and 
Acton  have  abimdantly  shown,  attain  frequently  a  great  age,  and  usually  a 
good  average  longevity  that  is  often  very  active  and  useful,  and  sometimes  even 
respected  and  happy ;  when  we  consider,  furthermore,  that  these  excesses  are 
committed  not  in  the  full  maturity  of  strength,  but  in  the  formative,  develop- 
ing, even  tender  period  of  life,  we  can  but  be  impressed  with  the  great  difficulty 
in  assigning  any  definite  arithmetical  limit  for  the  indulgence  of  the  sexual  appe- 
tite. The  truth  probably  is  that  the  genital,  like  the  digestive  organs,  can  bear 
and  were  designed  to  bear  a  great  deal  of  abuse,  provided  the  system  be  in  a 
normal  condition  and  the  manner  of  life  in  other  respects  healthy  ;  but  when 
the  system  has  become  exhausted  by  severe  and  protracted  mental  and  physical 
strain,  or  impoverished  by  lack  of  nourishment,  it  is  seriously  injured  by  sex- 
ual indulgence,  which  would  otherwise  be  harmless  or  beneficial  These 
remarks  will  apply  to  the  unnatural  as  well  as  to  the  natural  excitation  of  the 
genital  organs.  For  some  even  moderate  self-abuse  is  immediately  harmful ;  for 
others  it  works  no  perceptible  or  directly  traceable  injury  when  indulged  in  for 
years.  This  general  rule  will  hold  good,  that  sexual  indulgence  or  self-abuse, 
indulged  in  very  early  in  life,  at  the  dawning  of  puberty,  is  more  likely  to  work 
harm  than  the  same  habits  formed  in  later  years. 

Electro-diagnosis, — The   electro-muscular  contractility,  or  at 
19* 
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least  irritability^  may  be  nonnal  or  increased.  This  fact  distin- 
guishes locomotor  ataxy  from  ordinary  paraplegia^  when  the  electro- 
muscular  contractility  is  usually  diminished.  It  may,  however,  be 
diminished  in  certain  forms  and  stages.  According  to  Benedikt,* 
the  reaction  to  the  spinal  cord-nerve  current  is  sometimes  in- 
creased, with  opening  contractions  in  recent  cases  ;  in  cases  where 
the  motor  disturbance  is  prominent,  the  reaction  may  be  normal 
or  diminished.  Another  important  peculiarity  is  that  the  descend- 
ing current  produces  contractions  more  readily  than  the  ascending. 
This  peculiarity  is  usually  associated  with  increased  but  sometimes 
with  diminished  reaction. 

Treatment. — The  electrical  treatment  of  locomotor  ataxy  must 
be  adapted  to  the  condition  and  peculiarities  of  each.  Galvaniza- 
tion of  the  spinal  cord  and  of  the  sympathetic,  when  employed  in 
season,  has  accomplished  very  decided  results.  In  some  cases  the 
improvement  after  this  method  of  treatment  has  been  immediate 
and  has  rapidly  progressed.  Both  the  ascending  and  descending 
currents  are  used  with  a  current  of  moderate  strength  for  three, 
four,  or  five  minutes.  In  our  hands,  general  galvanization  and 
faradization  have  been  quite  efficacious  in  improving  the  general 
condition,  relieving  the  pains,  and  aiding  the  co-ordinating  power  in 
the  incurable  stages  of  the  disease.  We  have  not  yet  had  oppor- 
tunity to  treat  a  case  in  the  early  stages  by  this  method. 

Galvanization  and  faradization  of  the  affected  Hmbs  is  also  of 
unquestionable  service,  though  too  much  dependence  should  not 
be  placed  on  this  merely  peripheral  treatment. 

The  special  disorders  of  the  eye,  the  ear,  or  of  the  genital 
organs,  will  need  special  treatment. 

Prognosis. — The  prognosis  of  this  affection,  when  taken  early 
and  properly  treated,  although  not  brilliant,  is  by  no  means 
entirely  unfavorable.  Not  only  improvement  but  cures  have  been 
reported  by  Benedikt,  Meyer,  Frommhold,  Cyon,  Onimus,  and 
others.  If  cases  were  taken  in  their  premonitory  stages,  there  is 
little  doubt  that  very  many,  perhaps  the  majority,  might  perma- 
nently recover.  Even  in  the  last  stages  much  can  be  done  to 
relieve  and  strengthen. 

*  Op.  cit.,  p.  338. 
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Electrical  treatment  may  be  materially  aided  by  the  use  of 
phosphorus. 

There  is  little  doubt  that  some  of  the  cases  of  locomotor  ataxy 
reported  as  cured  by  galvanization  were  really  not  cases  of  loco- 
motor ataxy,  but  of  some  other  disease.  Thus  Meyer*  reports 
the  following  as  a  cure  of  locomotor  ataxy  : — 

A  gentleman  **  suffered  for  several  years  from  frequent  pollutions  and 
nightly  erections,  a  slight  fatigue  while  walking,  and  a  feeling  of  tension  in  the 
inner  surface  of  the  thighs,  in  addition  to  which,  latterly,  a  feeling  of  being 
bruised  between  the  shoulder-blades,  pressure  upon  the  chest,  and  lancinating 
pains  in  the  lower  extremities  supervened."  The  fifth  vertebra  was  tender  on 
pressure.  Six  weeks'  treatment  (twelve  applications)  by  galvanization,  the  posi- 
tive pole  being  placed  on  the  tender  vertebra  and  the  other  on  the  hipjoint, 
resulted  in  entire  removal  of  the  symptoms.  The  patient  subsequently  relapsed 
after  sexual  excitation,  and  again  used  galvanization. 

This  case  was  a  typical  illustration  of  spinal  irritation,  as  shown 
by  its  characteristic  symptoms.  Aside  from  the  pains  in  the  lower 
extremities,  which  very  frequently  occur  in  spinal  irritation  and 
congestion,  there  was  no  evidence  whatever  of  even  the  early 
stages  of  locomotor  ataxy,  although  it  is  entirely  possible  that  the 
condition  here  described  may  run  into  either  myelitis  or  locomo- 
tor ataxy  (see  p.  439).  We  have  cured  a  number  of  cases  more 
or  less  similar.     (See  Spinal  Irritation.) 

Of  8  cases  of  locomotor  ataxy  of  which  we  have  records,  2 
approximately  recovered,  3  were  decidedly  benefited,  2  were 
slightly  benefited,  and  i  was  not  benefited. 

Locomotor  ataxy — Marked  characterUtics  of  gait — Difficulty  of  turning 
around —  Tinnitus  aurium — Neuralgia — Diminution  of  electro-muscular 
contractility — Decided  improvement  under  general  faradization. 

Case  93. — G.  M.,  aged  49,  came  under  our  care  in  September,  1868.  He 
stated  that  his  lower  limbs  were  partially  paralyzed ;  but  when,  at  our  sugges- 
tion, he  threw  out  either  leg  violently,  it  was  evident  that  there  was  no  loss  of 
power  in  those  members.  To  illustrate  the  unsteadiness  of  his  gait,  he 
attempted  to  walk  across  the  room.  This  he  accomplished  slowly  and  with 
effort,  his  feet  coming  to  the  floor  heavily  at  every  step,  and  his  whole  body 
swaying  from  side  to  side.  When  he  essayed  to  turn  in  ius  course,  these  83rmp- 
toms  were  aggravated  and  others  were  presented.     His  arms  joined  in  the  gen* 

•  Op.  cit.,  p.  396. 
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eral  commotion,  but  his  feet  seemed  rooted  tu  the  floor,  as  if  imwiUing  to  obey 
the  order  to  turn.  Finally,  by  a  great  effort,  the  feet  were  again  called  into 
action,  and  the  patient  managed,  by  making  a  considerable  circuit,  to  face  abont 
and  resume  his  walk.  He  complained  of  a  persistent  numbness  and  coldness  in 
his  arms,  legs,  and  feet,  and,  on  testing  the  cutaneous  sensibility  of  the  outer 
portion  of  the  thigh  with  the  sesthesiometer,  it  was  found  that  two  impresaons 
were  received,  only  when  the  points  of  the  instrument  were  separated  at  least 
four  and  a  half  inches.  He  suffered  much  from  acute  neuralgic  pains  in  the 
lower  limbs  that  frequently  impaired  his  rest,  while  at  the  best  his  sleep  was  fit* 
ful  and  unrefreshing.  Sight  and  hearing  were  somewhat  affected,  and  he  was 
annoyed  by  a  constant  tinnittis  aurium.  While  his  appetite  and  digestion 
continued  fair,  his  power  of  endurance  had  markedly  decreased,  so  that  a  short 
walk  of  a  couple  of  blocks  was  all  that  he  felt  able  to  undertake.  His  method 
of  life  for  many  years  had  been  such  as  necessarily  to  operate  injuriously 
against  the  healthful  performance  of  the  functions  of  both  mind  and  body.  As 
a  circus-actor,  his  whole  physical  system  had  been  racked  and  twbted  into  every 
conceivable  shape,  and  as  an  associate  of  the  dissolute  of  both  sexes  in  the 
**  profession,''  he  had  indulged  freely  in  almost  every  conceivable  form  of  dis- 
sipation. Some  five  years  previously  he  contracted  syphilis,  and  again  two 
years  after,  when  the  secondary  form  of  this  disease  manifested  itself.  When 
he  commenced  his  visits  to  us,  he  called  attention  to  several  syphilitic  ulcers  on 
the  left  ankle.  He  had  always  indulged  freely  in  alcoholic  stimulants,  and  he 
had  also  used  tobacco  to  the  greatest  conceivable  excess,  often  smoking  the 
whole  day,  and  frequently  rising  from  his  bed  at  night  to  light  his  pipe  or 
cigar. 

The  first  application  of  the  faradic  current  revealed  a  diminution  of  the 
electro-muscular  contractility  of  the  muscles  of  the  legs,  and  the  intensity  of 
current  which  he  coulJ  bear  without  discomfort  was  extraordinary.  After  the 
administration  of  a  dozen  applications  of  general  faradization,  we  summed  up 
their  results  as  follows : — 

1.  The  tactile  sensibility  of  the  thigh  was  increased,  so  that  the  sesthesiom- 
eter  produce.1  a  sensation  of  two  impressions  when  its  points  were  separated 
but  two  and  a-half  instead  of  four  and  a-half  inches. 

2.  The  neuralyic  jxiins  of  the  limbs  were  completely  relieved. 

3.  The  extremities  were  sensibly  warmer. 

4.  The  electro-muscular  contractility  was  normal. 

5.  Sleep  was  more  sound  and  refreshing. 

6.  He  was  able  to  walk  ten  blocks  with  as  much  ease  as  he  could  walk 
two  before,  and  the  power  of  co-ordinating  his  movements  was  decidedly  in- 
creaseil. 

He  continued  treatment  until  January,  a  period  of  about  four  months,  im- 
proving gradually  until  he  was  able  to  accept  emploj-ment  as  clerk  in  the  office 
of  a  coal-yanl.     Nine  months  after  treatment  was  discontinued,  he  retained  all 
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that  he  had  gained,  and  could  readily  walk  a  mile.  His  gait  was  somewhat 
unsteady,  and  he  found  it  necessary  still  to  carry  his  cane.  Doubtless  electri* 
zation  had  accomplished  about  all  for  him  that  it  is  capable  of,  yet  it  is  possible 
that  continued  treatment  might  have  still  further  benefited  him. 

We  have  stated  that  a  prominent  premonitory  symptom  ob- 
served in  locomotor  ataxy  is  pain  of  a  neuralgic  character. 
Some  have  described  it  as  being  more  like  rheumatic  neuralgia, 
while  in  a  few  instances  well-marked  ataxy  has  been  ushered  in 
without  any  well  defined  premonitory  pain.  Two  of  the  six 
cases  of  this  disease  that  we  have  treated  by  electrization  alone 
presented  at  first  such  well-marked  symptoms  of  muscular  rheu- 
matism that  the  attending  physician  of  one  of  them,  an  intelli- 
gent and  well-informed  man,  diagnosed  this  condition,  and  for 
several  weeks  treated  the  case  accordingly. 

Neuralgic  pains  that  develop  into  well-marked  locomotor  ataxy — Deficiency 
in  power  0/  localization — Some  improvement  under  general  faradization. 

Case  94. — The  patient  was  a  young  man  aged  thirty-three,  and  had  served 
during  several  years  of  the  late  war  as  an  officer  in  the  Union  Army.  For  sev- 
eral months  he  had  complained  of  the  severe  aching  pains  in  his  legs,  and 
ascribed  them  to  the  exposure  and  hardships  of  his  recent  army-life.  His  knees 
were  stiff  and  lame,  rendering  him  incapable  of  moving  faster  than  a  walk. 
In  treating  him  by  electrization,  the  applications  were  directed  especially  to  the 
legs,  the  seat  of  the  supposed  rheumatism.  This  treatment,  continued  for  two 
weeks,  almost  completely  relieved  the  symptoms  which  had  so  persistently  an- 
noyed him,  and  thus  in  a  measure  seemed  to  confirm  the  diagnosis.  For  a 
short  time  the  patient  was  apparently  well,  but  in  a  few  weeks  the  peculiar 
symptoms  of  ataxy  manifested  themselves,  when  he  once  more  fell  under  our 
care.  His  movements  then  presented  the  characteristics  of  an  advanced  con- 
dition of  locomotor  ataxy.  He  found  it  difficult  to  rise  from  a  chair,  and  even 
more  difficult  to  start  when  he  had  gained  his  feet.  His  legs  and  feet  were  cold 
and  profoundly  anaesthetic.  He  was  deficient  in  the  power  of  localization ; 
without  the  aid  of  sight  he  was  unable  to  tell  where  his  limbs  were.  Half  a 
dozen  applications  of  general  electrization  with  the  faradic  current  succeeded  in 
giving  very  decided  relief  to  the  anaesthetic  condition  of  the  lower  extremities, 
and  improved  considerably  the  steadiness  of  his  gait. 

Ataxy — Feeling  of  constriction  in  thigh — Neuralgic  pains — Anasthesia  of 
feet  and  fingers — Some  improvement  under  galvatiization  of  spine  and  gen- 
eral faradization. 

Case  95. — A  young  Englishman,  complaining  of  symptoms  which,  at  first, 
masked  the  real  disease  from  which  he  was  suffering,  was  sent  to  us  by  Dr. 
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John  Cooper,  of  Brookh-n.  As  junior  partner  in  a  large  importii^  house, 
and  ha^-ing  sole  char^  of  the  books  of  the  concern,  he  had  labored  too  hard, 
and  had  been  confined  too  clo§«  to  his  desk.  Up  to  the  time  of  the  onset 
of  the  s\-niptomsv  for  the  relief  of  which  he  was  directed  to  us,  he  attended  as 
nsoal  to  business.  Regarding,  howe%-er,  his  method  of  life  as  the  cause  of  his 
difficulties,  he  immediately  dissolved  his  business  connecticms,  and  soon  after 
fell  under  our  observation.  When  walking  or  standing  he  leaned  forward, 
and  on  attempting  to  throw  his  body  into  its  natural  erect  position  he  com- 
plained of  a  sense  of  constriction  in  either  iliac  region,  as  if  the  muscles  coo- 
cemed  in  flexing  the  thigh  were  permanently  contracteX 

A  general  application,  but  directed  especially  to  the  lower  portion  of  the 
abdomen  and  the  groins,  relio-ed  him  wonderfully,  and  another  stance  over- 
came completely  this  apparent  mnscular  contraction,  so  that  he  was  enabled  to 
stand  without  inclining  forward,  and  to  walk  with  hx  greater  ease.  Now 
that  this  unusual  complication  was  dissipated,  the  true  character  of  his  dis- 
ease became  e\'ident.  The  more  important  symptoms  of  locomotor  ataxy 
became  unmistakably  manifest : — 

1.  There  was  inco-ordination  of  the  motor  power  in  the  lower  extremities, 
but  with  no  true  paralysis  there  or  elsewhere. 

2.  Characteristic  neuralgic  pains,  of  a  sharp  and  shooting  kind. 

3.  Considerable  anaesthesia  in  the  feet  and  fingers. 

The  patient  was  treated  by  galvanization  of  the  spine,  alternating 
with  general  faradization,  but  without  perceptible  improvement. 


CHAPTER  XXVI. 

PROGRESSIVE  MUSCULAR  ATROPHY* 

The  disease  termed  Progressive  Muscular  Atrophy  consists  in 
a  disturbance  in  the  nutrition  of  the  voluntary  muscular  system. 

This  atrophy,  however,  may  be  either  partial  or  general.  If 
partial,  it  is  limited  to  the  extremities,  or  a  particular  muscle  or 
group  of  muscles ;  if  general,  it  may  involve  nearly  the  whole 
muscular  system. 

The  invasion  of  wasting  palsy  is  so  very  gradual  that  it  fre- 
quently exists  for  months  before  the  patient  is  aware  of  any 
special  loss  of  power.  As  a  rule,  the  affection  begins  in  the 
ball  of  the  thumb  or  in  the  shoulder,  and  the  first  symptom  of 
which  the  patient  complains  is  a  diminution  of  muscular 
strength. 

The  disease  in  its  progress  is  subject  to  varying  periods  of 
seeming  arrest,  and  not  unfrequently  it  may  remain  stationary 
for  many  years. 

Sooner  or  later,  however,  the  emaciation  extends  to  the  mus- 
cles of  the  hands  and  forearm,  and  the  loss  of  power  in  these 
members  corresponds  exactly  to  the  atrophy.  In  extreme 
cases  complete  immobility  of  a  limb  is  produced.  This  condi- 
tion, however,  is  rarely  met  with.  In  certain  formidable  cases 
the  atrophy  successively  invades  the  breast,  the  buttocks,  and 
even  the  muscles  of  respiration  ;  and  finally,  death  by  suffocation 
is  the  result. 

The  muscles  of  mastication  and  those  which  move  the  eyeballs 
are  the  only  ones  which  have  not  been  known  to  be  attacked. 

Diagnosis. — The  diagnosis  of  muscular  atrophy  is  not  usually 
difficult,  although  it  is  possible  to  confound  the  partial  form  with 
lead  palsy  and  paralysis  from  injury  to  a  motor  nerve. 

•  On  account  of  the  unsettled  nature  of  its  pathology,  this  disease  b  pre- 
sented by  itself,  instead  of  under  the  head  of  Central  Paralysis. 
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The  simple  existence  of  atrophy  is  not  sufficient  ground  far  diag- 
nosis^ since  it  may  occur  in  many  forms  of  paralysis. 

From  paralysis  from  this  latter  cause,  and  from  ordinary  cen- 
tral paralysis,  wasting  palsy  is  readily  distinguished  by  the 
"  DissEci'iNG  character  of  its  march." 

It  attacks  special  muscles,  and  thus  causes  a  characteristic 
deformity,  which  in  the  hand  is  so  marked  and  peculiar  that  it 
has  been  termed  by  Duchenne  the  ^"^ main  en  griffe^^  or  claw 
hand.  The  claw-hand  is  thus  explained : — The  extensor  com- 
munis digitorum  only  acts  on  the  first  phalanges,  while  the  second 
and  third  phalanges  are  extended  by  the  inter-ossei  and  lumbrici, 
which  adduct  and  abduct  the  fingers.  The  ^exors  sublimis  and 
profundus  act  on  the  second  and  third  phalanges,  while  the  inter- 
ossei  act  on  the  first. 

When  now  the  inter-ossei  are  paralyzed,  the  first  phalanges 
cannot  be  independently  fiexed,  and  the  other  phalanges  are 
drawn  into  the  hand  by  the  flexors  sublimis  digitorum  and  pro- 
fundus, and  bring  with  them  the  first  phalanges.  The  extensor 
communis,  being  now  no  longer  opposed  by  the  antagonistic  ac- 
tion of  the  flexors  of  the  first  phalanges,  brings  them  backwards. 
The  second  and  third  phalanges  are  kept  flexed  by  the  flexors 
sublimis  dA^dprofundus,  because,  on  account  of  the  paralysis  ol 
the  inter-ossei,  they  have  no  extensor. 

Among  the  symptoms  that  point  to  muscular  atrophy  are 
fibrillary'^  contractions,  changes  of  nutrition  in  the  bones  and 
joints,  and  neuralgic  pains  of  a  certain  character,  and  anaes- 
thesia. 

Another  point  in  the  diagnosis  is  that  it  may  confine  itself  to 
certain  muscles  or  even  parts  of  muscles. 

Wasting  of  tissue  from  injury  to  a  nerve  is  limited  to  the  ex- 
act parts  supplied  by  that  nerve,  and  in  central  paralysis  the 
loss  of  power  is  invariably  out  of  proportion  to  the  extent  of 
atrophy  observed.  In  lead  palsy  the  invasion  is  sudden,  and  the 
distinctive  features  of  lead  poisoning,  viz.,  colic,  blue  line  on  the 
gums,  tremblings,  pallor,  etc.,  usually  indicate  the  character  of 
the  affection. 

♦  This  term  is  applied  to  involuntary  spasmodic  twitchings  of  parts  of 
muscles. 
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The  pathology  of  this  disease  has  been  a  matter  of  con- 
siderable discussion.  The  morbid  lesion  that  is  sometimes  found 
is  atrophy  of  the  anterior  roots.  Atrophy  of  the  sympathetic  has 
been  found  in  three  cases.  Gray  degeneration  has  been  found 
by  Virchow,  Rokitansky,  Gull,  and  Dumenil. 

The  disease  may  be  complicated  with  locomotor  ataxy  and 
other  nervous  affections. 

The  disease  appears  to  be  caused  by  catching  cold  after  great 
physical  exhaustion;  therefore,  it  is  more  frequent  among  the 
laboring  classes.  So  far  as  we  are  able  to  judge  from  our  oppor- 
tunities for  comparative  observation,  muscular  atrophy,  like 
locomotor  ataxy,  is  more  frequent  in  England,  France,  and  Ger- 
many, than  in  America.  The  causes  of  this  difference  are  the 
depressed  condition  of  the  laboring  classes  in  Europe,  and 
probably  also  the  greater  moisture  of  the  air. 

Electro-diagnosis. — Electro-muscular  contractility  is  either 
diminished  or  destroyed.  Electro-muscular  sensibility  is  usually 
diminished.  Various  changes  in  irritability  may  take  place  dur- 
ing the  progress  of  the  disease. 

Reflex  contractions  occur  in  muscular  atrophy.  Diplegic  con- 
tractions  also  appear  in  this  disease.  These  facts,  taken  in  con- 
nection with  the  history  of  the  case,  the  atrophy,  the  fibrillary 
contractions,  swellings,  and  anchylosis  in  the  bones  and  joints, 
the  anaesthesia  and  the  neuralgia,  make  up  the  diagnosis.  Diplegic 
contractions  were  first  observed  in  muscular  atrophy  by  Remak. 

The  disease  does  not  always  exist  alone  ;  it  may  be  complica- 
ted with  locomotor  ataxy  in  paralysis  of  the  cranial  nerves  and 
other  disorders  of  the  brain. 

Treatment. — General  and  localized  faradization  and  galvaniza- 
tion, and  also  galvanization  of  the  spine,  and  especially  of  the 
sympathetic.  In  our  limited  experience  with  this  disease  we  have 
seen  suggestive  results  from  galvanization  of  the  sympathetic. 

The  prognosis  under  these  various  methods  of  treatment  is 
sometimes  moderately  favorable,  but  frequently  the  reverse. 
Duchenne  reports  a  case  that  was  successfully  treated  by  faradi- 
zation.     Althaus*  records  a  very  remarkable  result  obtained  by 

♦  Op.  cit.,  p.  535. 
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galvanization  of  the  sjrmpathetic.      It  would  appear,  therefore, 
that  cases  of  this  disease  are  by  no  means  entirely  hopeless. 

If  only  one  member  is  attacked — if  there  be  no  hereditaiy 
predisposition  to  the  disease,  and  the  electro-muscular  contrac- 
tility is  not  very  decidedly  impaired — ^we  may  reasonably  expect 
much  benefit  from  the  persistent  use  of  localized  electrization 
with  the  faradic  current.  In  connection  with  the  electrical 
treatment  we  may  employ  warm  and  sulphur  baths  and  methodi- 
cal exercise. 

PROGRESSIVE     MYO-SCLEROSIC     PARAI.VSIS     (PROGRESSIVE    MUSCU- 
LAR hypertrophy),  pseudo-hypertrophic  paralysis. 

This  disease  of  childhood  was  first  described  by  Dr.  Edward 
Meryon,  in  a  paper  read  before  the  Royal  Medical  and  Chinirgi- 
cal  Society,  December,  185 1.*  A  case  was  subsequently 
reported  by  Dr.  T.  King  Chambers,  in  the  Medico-Chirurgical 
Transactions,  1854.  The  disease  has  been  observed  in  two, 
three,  and  four  children  of  one  family. f  The  disease  has  been 
systematically  studied  by  Duchenne,  who  was  the  first  to  set  it 
before  the  profession  as  a  distinct  disease.  The  symptoms  of  this 
affection  in  the  first  stage  are  weakness  in  the  lower  limbs  and 
flexion  of  the  toes ;  in  the  second  stage,  increase  in  size  of  the 
muscles  of  the  legs — especially  of  the  calves,  of  the  back,  and  of 
the  gluteal  muscles ;  in  the  third  stage,  extension  of  the  disease, 
muscular  atrophy,  exhaustion,  and  death. 

Electro-diagnosis. — Farado-muscular  contractility  usually  di- 
minished ;  galvano-muscular  contractility  may  be  either  normal 
or  exaggerated ;  electro-muscular  sensibility  is  sometimes  di- 
minished, sometimes  normal. 

The  disease  is  supposed  to  be  one  of  the  sympathetic  nerve. 

Prognosis. — The  patient  is  pretty  sure  to  die  in  the  course  of  a 
few  years.     In  the  second  stage  the  symptoms  may  remain  sta- 

*  F/V/r  the  article  on  this  subject  by  Meredith  Clymer,  M.D.,  in  the  second 
American  Edition  of  Aitken's  Practice  of  Medicine,  1868,  p.  980  j  also,  Lec- 
ture by  Dr.  Clymer,  in  Medical  Record,  July  i8lh,  1870. 

f  Recently,  two  cases  of  this  disease,  in  the  same  family,  have  been  admitted 
to  St.  Luke's  Hospital. 
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tionary  for  a  long  time.      Benedikt  was  able  to  improve  a  case 
of  two  years*  standing  by  galvanization. 

TrecUment. — Faradization  and  galvanization  of  the  affected 
muscles,  and  galvanization  of  the  sympathetic,  should  all  be 
tried  in  succession  or  alternation. 


CHAPTER  XXVII. 

SPASMODIC  DISEASES, 

Writer's  Cramp. — ^This  affection  is  characterized  by  a  kind  of 
paralytic  or  spasmodic  condition  of  the  muscles  of  the  hand  that 
are  employed  for  any  special  purpose.  It  is  not  peculiar  to 
writers.  It  may  attack  seamstresses,  milk-maids,  and  others  whose 
callings  compel  them  to  use  for  a  long  tune  a  certain  set  of  the 
muscles  of  the  hand.  It  may  be  caused  also  by  rheumatism, 
inflammation  of  the  radial  and  ulnar  nerves,  and  psychical  influ- 
ences, as  well  as  by  disproportionate  exercise  of  certain  muscles. 

It  is  believed  that  the  affection  is  not  always  purely  peripheral, 
but  that  it  frequently  is  connected  with  disease  of  the  upper 
portion  of  the  spinal  cord. 

It  seems  to  differ  but  little  from  certain  other  spasmodic 
conditions,  such  as  wry  neck  and  histrionic  spasm. 

Whether  found  in  the  artist,  rendering  him  unable  to  manipu- 
late his  brush — the  pianist,  preventing  him  from  fingering  his 
instrument — or  the  penman,  causing  his  writing  to  be  almost  if  not 
quite  illegible — the  same  general  characteristic  is  observed, 
viz.,  the  recurrence  of  spasm  whenever  an  attempt  is  made  to 
execute  a  special  movement.  The  peculiarity  of  this  spasmodic 
action  consists  in  the  fact  that  it  does  not  follow  other  move- 
ments of  the  affected  part. 

The  treatment  should  be  both  central  and  peripheral.  Gal- 
vanization of  the  upper  portion  of  the  cord  and  of  the  median 
and  radial  nerves,  spinal  cord,  plexus,  and  nerve-currents — and 
faradization  of  the  affected  muscles  and  of  their  antagonists,  may 
be  tried. 

The  prognosis  in  the  early  stages  is  sometimes  favorable  for  a 
perfect  cure  ;  advanced  stages  of  long-standing  cases  are  usually 
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rebellious ;  but  even  these  may  be  much  relieved  Rest  from 
the  occupation  is  almost  imperative. 

Unfortunately,  however,  those  who  are  most  frequently  subject 
to  writer's  cramp  are  the  very  ones  who  are  unable  to  take  the 
necessary  rest. 

Although  the  results  of  treatment  by  electrization  in  this  vari- 
ety of  palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been 
followed  in  many  instances  by  approximate  and  even  perfect 
recoveries. 

Our  own  experience  and  success  in  its  treatment  has  not  been 
very  large.  Of  three  cases  we  have  treated,  one  was  decidedly 
benefited ;  the  others  were  not  benefited.  Other  observers,  espe- 
cially Meyer,  have  been  more  successful. 

Writer' s  cramp,  existing  for  four  years — Improvement  under  faradization 

and  galvanization. 

Case.  96. — For  a  year  the  patient  had  observed  a  certain  loss  of  power  in  the 
thumb  and  index  finger  of  the  right  hand,  that  became  more  decided  and  an- 
noyed him  more  and  more  seriously,  so  that  about  a  year  previous  to  his  visit 
to  us  he  was  enabled  only  with  difficulty  to  write  the  few  pages  every  day  his 
business  required. 

The  patient  was  unable  to  fully  extend  the  thumb  and  index  finger,  and  on 
localizing  the  faradic  current  through  the  flexor  longus  poUicis  and  the  adductor 
TwUicis,  there  was  a  marked  decrease  in  the  electro-muscular  contractility. 
The  flexors  and  extensors  of  the  other  fingers  responded  normally  to  the 
influence  of  the  current.  The  inner  surface  of  the  hand  was  decidedly  anaes- 
thetic, while  he  complained  of  a  constant  soreness  of  the  wrist  that  at  times 
became  quite  painful. 

We  began  with  the  faradic  current,  localizing  it  through  the  two  muscles  of 
the  thumb  specially  affected,  and  also  making  the  application  more  general 
through  arm,  wrist,  and  hand. 

This  method  completely  dissipated  the  annoying  anaesthesia  and  soreness  of 
the  wrist,  but  resulted  in  no  other  benefit. 

A  mild  galvanic  current  from  six  Bunsen's  cells  was  more  effectual.  Twelve 
applications  resulted  in  a  considerable  increase  of  strength  in  the  affected  hand, 
and  the  flexor  muscles  of  the  thumb  and  index  finger  very  decidedly  relaxed, 
so  that  he  was  readily  enabled  to  accomplish  two  or  three  times  more  in  the  way 
of  writing  than  before. 

CHOREA. 

Chorea,  in  its  generic  signification,  includes  such  a  wide  range 
of  nervous  conditions,  and  has  for  its  predisposing  cause  such  a 
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variety  of  ])athological  states,  that  it  is  very  properly  differently 
named,  as  it  belongs  to  either  this  or  that  pathological  genus. 

Since  the  time  of  Sydenham,  who  gave  the  first  scientific  de- 
scription of  its  symptoms,  the  most  common  choreic  movement  has 
been  called  St.  Vitus* s  dance.  This  name  of  itself  signifies  noth- 
ing. It  refers  to  an  ancient  tradition  that  St.  Vitus  i>ossessed 
the  power  of  curing  this  choreomania,  and  actually  relieved  those 
who  sought  his  aid.  Yet  it  does  not  seem  to  be  an  unfortunate 
designation,  for  pathological  anatomy  teaches  so  little  as  to  the 
material  alteration  of  the  nervous  centres,  that  we  seek  in  vain  for 
a  scientific  name,  and  the  morbid  condition  to  which  the  term  St. 
Vitus*  s  dance  is  now  applied  is  so  well  understood,  both  by  the  pro- 
fession and  the  laity,  that  it  answers  a  better  purpose  than  any 
name  constmcted  with  the  most  scientific  accuracy. 

The  peculiar  symptoms  of  this  disease  almost  invariably  occur 
in  early  youth,  and  parents  when  they  first  observe  the  character- 
istic twitchings  in  the  movements  of  their  children  are  often  un- 
necessarily alarmed. 

It  is  a  fact  well  recognized,  that  the  majority  of  cases  of  this 
simple  choreic  disturbance  recover  in  from  six  weeks  to  two 
months,  if  left  wholly  to  the  efforts  of  Nature,  and  no  matter  what 
course  of  treatment  is  adopted,  the  cure  is  but  little  accelerated. 

Chorea  can  be  partial  or  half  sided. 

Causation. — The  great  predisposing  cause  of  chorea  is  the 
nervous  diathesis,  since  it  most  frequently  attacks  those  children 
who  derive  nervous  constitutions  from  their  parents.  The  disease 
is  excited  by  almost  any  influence  that  either  greatly  weakens  the 
nerves  or  makes  a  sudden  and  powerful  psychical  impression.  It  is 
probable  that  it  may  arise  from  taking  cold.  The  observed  rela- 
tion of  chorea  to  rheumatism  may  perhaps  be  explained  by  the 
fact  that  an  attack  of  rheumatism  at  a  tender  age  exhausts  the 
svstem  and  excites  the  choreic  manifestation. 

Electrodia^^nosis, — In  chorea  electric  examination  often  reveals 
increased  motor  irritability,  and  (according  to  Benedikt)  "  open- 
ing contractions  with  weak  currents." 

Choreic  patients  are  usually  in  a  condition  of  hypersesthesia. 
Feeble  electric  currents   are  not  only  sensibly  but  painfully  felt 
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over  the  entire  surface  of  the  body.  The  spine  is  especially  sen- 
sitive. In  one  case  of  chorea  we  observed  cerebral  anaesthesia : 
powerful  currents  could  be  borne  on  the  top  of  the  head  without 
discomfort. 

Treatment, — Chorea  has  been  successfully  treated  by  a  variety 
of  methods  of  electrization — by  frictional  electricity,*  peripheral 
faradization,!  and  central  galvanization,^  and  in  our  hands  general 
faradization.  Successful  results  have  been  gained  by  all  these 
methods.  We  have  found  general  faradization  alone  so  uniformly 
successful  in  cases  of  general  chorea,  that  we  have  but  rarely  had 
occasion  to  experiment  with  other  methods,  and  when  we  have 
alternated  the  use  of  central  galvanization  we  have  not  thus  far 
been  satisfactorily  rewarded  Our  success  with  general  faradiza- 
tion in  chorea  is  probably  to  be  accounted  for  partly  by  the 
muscular  exercise  that  is  derived  from  this  method  of  treatment, 
as  well  as  by  the  tonic  action  of  the  current  on  the  nervous  sys- 
tem. Choreic  patients  do  not  usually  bear  strong  central  galvani- 
zation or  protracted  sittings ;  the  milder  influence  of  the  faradic 
current  is  preferable  to  the  galvanic,  unless  the  latter  is  used  with 
considerable  caution.  Benedikt  claims  to  have  been  uniformly  suc- 
cessful in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
spine.  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  the  sittings  was  not  more  than  one  and  a  half  minutes. 
Other  observers  have  not  been  so  successful  with  this  method. 
Meyer  reports  unsatisfactory  results  with  galvanization  of  the  spine 
in  two  or  three  cases.  §  We  have  not  yet  succeeded  in  verifying 
the  experience  of  Benedikt  in  two  instances  in  which  we  tried  it ; 
in  one  its  results  were  negative  ;  in  the  other  it  increased  the  symp- 
toms and  neutralized  all  the  good  that  had  been  obtained  by  gen- 
eral faradization.  It  is  probable  that  the  success  of  Benedikt  with 
galvanization  of  the  spine  was  due  to  the  very  great  caution 
which  he  exercised  in  regard  to  the  strength  of  the  current  and 

•  Dr.  GulL     Frictional  electricity  was  also  used  for  chorea  in  the  last  cen- 
tury, and  it  was  claimed  with  success, 
f  Duchenne  and  Becquercl. 
X  Benedikt. 
8  Op.  cit.,  p.  364. 


45 6  Spasmodic  Diseases. 

the  length  of  the  sittings,  as  he  himself  declares  that  the 
symptoms  were  aggravated  if  the  number  of  elements  were  much 
increased.  For  hemi-chorea  Benedikt  recommends  galvanization 
of  the  head.  We  prefer  for  all  cases  of  chorea  general  faradiza- 
tion, occasionally  varied  by  central  galvanization,  with  very  mild 
currents,  and  believe  that  this  method  of  treatment  faithfully 
used  will  do  all  that  can  be  done  for  this  disease  through 
electricity. 

'Prognosis, — The  prognosis  of  general  idiopathic  chorea  is 
almost  always  favorable.  Aside  from  the  well-known  fact  that  many 
cases  recover  spontaneously  in  the  course  of  a  few  weeks  or 
months,  direct  and  positive  results  of  treatment  can  be  appreciated 
in  this  disease  more  uniformly  than  in  any  other  spastic  condition. 
Cases  of  failure  are  exceptional.  The  worst  cases,  when  recent, 
sometimes  seem  to  yield  better  than  those  which  are  comparatively 
mild. 

Partial  chorea,  affecting  the  eyelid,  the  muscles  of  the  neck,  or 
a  single  limb,  or  group  of  muscles,  is  more  obstinate  than  a  much 
worse  form  of  general  chorea.  The  explanation  of  this  inconsis- 
tency is  that  patients  affected  with  partial  chorea  are  apt  to  delay 
weeks,  months,  and  years  before  taking  treatment.  Recent  cases 
we  have  found  to  yield  almost  uniformly.  All  long-standing 
choreic  cases  need  to  be  treated  perseveringly — from  two  to  six 
weeks  being  usually  necessary  to  complete  a  cure.  Symptomatic 
chorea — dependent  on  cerebral  or  cerebellar  disease — offers  an 
unfavorable  prognosis. 
We  have  treated  13  cases  of  chorea,  with  the  following  result : — 

Recovered 8 

Approximately  recovered i 

Slightly  benefited 2 

Not  benefited i 

Unknown i 

Choreic  disturbance  of  the  right  side  of  the  facey  in  a  lady  18  years  of  age, 
existing  since  childhood-^Recovery  for  one  year  folloius  the  local  use  of  the 
faradic  current. 

Case  97. — Miss  K.,  aged  18,  applied  to  us,  by  the  advice  of  Dr.  H.  Grego- 
ry, for  the  relief  of  a  choreic  disturbance  of  the  right  side  of  the  face  and  eye. 
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that  had  annoyed  her  since  childhood.  Her  general  condition  was  decidedly 
nervous ;  but  as  objections  were  made  to  general  treatment,  the  applications 
were  necessarily  local.  A  dozen  sittings  with  the  faradic  current  resulted  in 
considerable  relief  to  the  face ;  but  soon  after  the  cessation  of  treatment  the 
choreic  disturbance  rapidly  disappeared,  and  for  a  year  ceased  to  annoy  her. 

A  second  attack  was  decidedly  ameliorated  by  the  same  method  of  treat- 
ment. 

In  consideration  of  the  fact  that  the  difficulty  with  this  patient  was  of  life- 
long standing,  it  may  be  considered  fortunate  that  even  the  slightest  relief  was 
afforded. 

It  is  probable  that  general  treatment  would  have  been  followed  by  complete 
recovery. 

Chorea  of  a  very  severe  character  in  a  lad  of  eight  years — Impossibility  of  ly- 
ing or  sitting — Loss  of  speech — No  results  from  medical  treatment  or  gal- 
vanization of  the  spine — Recovery  under  general  faradization. 

Case  98. — A  little  boy,  aged  8  years,  and  suflfering  from  chorea,  was  brought 
to  us  for  treatment  June  nth,  1868.  His  symptoms  were  of  the  following  ag- 
gravated character :  The  arms,  legs,  and  face  were  in  almost  constant  motion. 
It  was  impossible  for  him  to  stand  alone  or  even  sit  upright.  The  involuntary 
movements  were  so  rapid  and  violent  that  it  was  unsafe  to  leave  him  alone  on 
a  bed  or  sofa,  for  fear  that  he  would  throw  himself  from  it.  The  power  of 
speech  was  entirely  gone.  The  appetite  was  poor.  Sleep  was  possible  only 
after  an  anodyne  draiight. 

These  symptoms  as  described  had  existed  for  one  month. 

Some  two  months  previously  his  attendants  had  noticed  that  many  of  his 
movements  were  strange  and  uncertain,  but  little  notice  was  taken  of  the  fact. 
The  exciting  cause  of  the  severer  symptoms  was  excessive  fright  at  night,  when 
alone  in  the  house  with  a  servant.  The  treatment  by  medication  had  been  ju- 
dicious and  persistent.  We  confined  ourselves  to  the  use  of  the  faradic  current, 
since  a  trial  of  the  galvanic  ag^avated  the  symptoms. 

The  immediate  eflfect  of  general  electrization  was  very  decided.  In  one  week, 
during  which  three  applications  had  been  given,  the  little  patient  was  enabled  to 
sleep  quietly  through  the  whole  night  without  the  administration  of  an  opiate. 
The  power  of  speech  gradually  returned,  the  appetite  improved,  and  the  cho- 
reic disturbance  notably  diminished  until  the  middle  of  July,  when  we  pro- 
nounced him  approximately  cured.  A  few  weeks*  recreation  in  the  country 
completed  the  restoration. 

Severe  chorea  in  a  girl  seven  years  of  age — Less  than  usual  sensitivemss  on 
the  head — Recovery  under  ten  general  faradizations. 

Case  99. — L.  J.,  a  girl  seven  years  of  age,  was  brought  for  treatment  by 
general  electrization  in  September,  i868w    She  was  pale  and  slender,  but  for  her 

20 
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age  quite  tall.  For  the  last  eighteen  months  her  growth  had  been  remarkably 
rapid,  and  to  this  fact  the  mother  was  inclined  to  attriliute  the  disease.  The 
parents  first  noticed  some  twitching  of  the  left  hand  in  the  fall  of  1866,  but  did 
nut  at  the  time  give  it  particular  attention.  The  choreic  symptoms  rapidly 
increased  to  such  an  extent,  however,  that  they  became  alarmed,  and  applied 
for  medical  treatment.  But  in  spite  of  persistent  internal  medication,  the  want 
of  power  to  co-ordinate  her  movements  grew  more  marked,  and  the  symptoms 
extended  to  her  limbs  and  organs  of  speech.  At  the  time  that  the  patient  came 
under  our  notice  the  choreic  movements  were  quite  violent.  The  left  side  was 
considerably  more  affected  than  the  right,  and  her  articulation  was  so  indistinct 
that  it  was  impossible  for  a  stranger  to  understand  what  she  said.  We  found 
no  difficulty  in  inducing  the  child  to  submit  to  the  treatment,  but  the  involun- 
tary agitation  of  the  legs  was  so  great  that  it  was  found  necessary  to  hold  the 
feet  upon  the  plate  to  which  the  negative  pole  was  attached. 

The  current  was  very  sensitively  felt  over  the  stomach,  but  not  over  any 
other  portion  of  the  body.  It  may  be  remarked,  however,  that  over  the  head 
could  be  borne  without  discomfort  a  current  much  more  intense  than  is  the  case 
in  the  normal  condition. 

The  first  and  second  applications  resulted  in  no  appreciable  change  in  her 
symptoms;  but  at  the  fourth  visit,  about  ten  days  after  the  first,  a  perceptible 
improvement  was  noticed.  As  is  usually  the  ca^e  when  a  favorable  result  fol- 
lows any  method  of  treatment,  the  diminution  of  the  choreic  movement  was 
first  manifested  in  the  lower  limbs.  The  progress  towards  recovery  was  not 
very  rapid. 

At  the  fifth  visit  she  could  retain  her  feet  upon  the  plate  by  her  own  unaided 
efforts,  while  the  applicatiun  was  being  made.  This  improvement  had  also 
extended  to  the  arms  and  face,  and  the  tenth  application,  administered  about  a 
month  after  the  first,  dissipated  every  choreic  symptom.  There  was  one  pecu- 
liar and  wcll-mirkeJ  feature,  which  we  observed  in  this  as  well  as  in  several 
other  cases.  We  refer  to  the  intensity  of  the  current  used  when  applications 
were  made  to  the  head.  As  the  disease  advanced  toward  recovery,  such  appli- 
cations became  more  and  more  painful,  so  that  it  was  necessary  to  gradually 
decrease  their  power. 

The  beneficial  effects  from  the  use  of  this  agent  in  the  treatment 
of  chorea  are  not  as  a  rule  immediately  manifest.  The  same  is  true 
of  every  other  curative  remedy  enployed  in  this  disease.  It  seems 
to  be  necessary  that  a  certain  impression  should  be  made  upon 
the  nervous  system,  and  when  that  point  is  reached,  recovery  is 
often  extremely  rapid. 

However  much  we  may  doubt  the  statement  that  the  nervous 
te.nperament   is   favorable  for   the  development  of  chorea,  we 
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cannot  ignore  the  fact  that  hereditary  predisposition  is  a  frequent 
cause.  In  families  where  this  predisposition  is  manifest,  the 
tubercular  or  scrofulous  diathesis  frequently  exists,  and  according 
to  the  researches  of  Dr.  See,  of  France,  physician  to  the  "  H6- 
pital  des  Enfants,'*  it  would  seem  that  rheumatism,  as  a  predis- 
posing pathological  state,  was  unquestionable. 

He  states  that  in  almost  every  case  rheumatic  pains  had  been 
complained  of;  and  althougli  ]^re-existing  rheumatic  affections 
have  been  noticed  quite  frequently  by  others,  it  must  not  be  for- 
gotten that  lumbago  and  various  muscular  pains  often  precede  the 
invasion  of  chorea  as  an  effect  and  not  as  a  cause.  An  hereditary 
tendency  to  insanity  has  been  noticed  as  existing  in  families  in 
connection  with  chorea.  An  instance  of  this  kind  has  fallen 
under  our  observation  : — 

Choreic  convulsions  in  a  lady  50  years  of  age  —No  improvement  under  gen- 

eral  faradization. 

Case  100. — The  patient  was  a  lady,  aged  50,  who  had  for  a  number  of  years 
been  aiHicted  with  convulsions  that  closely  resembled  chorea.  Her  voluntary 
motions  were  somewhat  under  control,  even  when  the  symptoms  of  her  disorder 
were  most  marked.  When  walking  across  the  room  her  arms  would  suddenly 
become  convulsed,  while  the  power  of  locomotion  remained  unimpaired.  At 
other  times  she  would  stagger,  and  yet  be  able  to  co-ordinate  perfectly  the  move- 
ments of  her  arms.  Her  intellect  was  somewhat  impaired,  and  was  evidently 
becoming  completely  obscured,  as  had  been  the  case  with  a  sister  who  had  died 
insane,  and  a  niece  who  is  at  present  in  an  asylum. 

The  patient  was  treated  perseveringly  by  general  electrization, 
but  with  no  good  results.  The  central  nervous  system  was  pos- 
sibly in  a  condition  oi  sclerosic  degeneration  (see  p.  406). 

Mild  chorea^  mostly  unilateral — Recovery  under  three  general  faradizcUions, 

Case  ioi. — L.  A.  was  brought  to  our  office  during  the  last  summer,  suffering 
from  St.  Vitus's  dance  of  a  mild  character.  About  six  weeks  before  we  saw 
her,  the  choreic  movements  became  manifest  in  her  face  and  arms.  It  simu- 
lated somewhat  the  rare  form  of  disease  denominated  hemichorea.  It  was  not 
completely  unilateral,  however,  for  though  the  irregular  nervous  movements 
were  mostly  confined  to  the  left  cheek  and  arm,  some  occasional  twitcl.mg  was 
observed  in  the  right  side.  The  case  was  e\'idently  of  that  mild  character  which 
is  readily  cured  by  the  use  of  internal  remedies  or  by  unaided  Nature. 


460  spasmodic  Diseases. 

She  was,  however,  submitted  to  the  influence  of  general  electrization^  and  the 
ra{Mdity  with  which  the  choreic  movements  were  dissipated  was  a  striking 
cxam|)le  of  its  power.  But  three  applications  Mrere  given,  and  these  were 
administered  within  the  space  of  a  week.  There  was  manifest  improvement 
the  day  after  the  first  \'isit,  and  after  the  third  operation  the  control  over  every 
mo\-ement  ix-as  normal  Treatment  was  then  discontinued,  and  no  relapse  has 
yet  followed. 

Chorea  oj  face  and  arms  in  a  lad  12  years  of  age^  dependent  on  mental 
influences — ReciK'ery  under  localized  faradization. 

Case  102. — In  December,  1S66,  a  lady  brought  to  us  a  little  boy,  aged  12 
years,  to  be  treated  for  symptoms  that  M-ere  somewhat  anomalous,  yet  not  of  a 
character  sufficiently  marked  to  enable  us  to  say  positively  that  St.  Vitus^s 
dance  proper  existed.  Wliile  in  perfect  repose,  and  even  when  engaged  in 
play,  study,  or  conversation,  if  there  was  nothing  to  excite  or  alarm,  he  exhib* 
ited  nothing  unusual  in  his  movements.  If,  ho^-ever,  he  failed  in  his  recita- 
tions, ^'as  scolded  by  his  parents,  or  if  he  became  excited  in  lib  play,  or  was 
abashed  by  the  notice  of  a  stranger,  some  peculiar  symptoms  became  immedi- 
ately  manifest.  The  muscles  of  the  face  became  convulsed,  and  at  times  the 
twitching  was  quite  violent,  so  that  his  appearance  was  grotesque  in  the 
extreme.  Rapid  contractions  of  the  muscles  of  the  arm  also  occurred.  These 
were  most  noticeable  in  the  biceps  and  flexors  of  the  hands  and  fingers. 

The  child  was  to  all  appearance  perfectly  healthy,  and  was  of  a  lively  and 
genial  disposition. 

Thih  disorder  of  the  ner\'ous  function  had  existed  some  four  or  five  months, 
so  that  considerable  uneasiness  was  excited  in  the  minds  of  the  friends  of  the 
patient.  As  he  lived  a  considerable  distance  from  the  city,  applications  were 
given  only  occasionally,  as  his  attendant  found  it  convenient  to  bring  him. 
During  the  course  of  a  month  the  boy  visited  us  some  five  or  six  times,  and  as 
hewassufTcringfromno  debility,  wc  judged  it  to  be  sufficient  to  make  the  applica- 
tions  only  to  the  parts  affected,  and  not  to  extend  them  over  the  whole  surface 
of  the  bixly.  The  result  of  this  irregular  treatment  was  successful,  since  all 
the  abnormal  movements  to  which  he  had  been  so  readily  liable  on  exposure  to 
any  excitement  became  less  and  less  marked.  At  the  end  of  the  month  he  left 
us  cured. 

^^  aggravated  case  of  chorea  resists  the  action  of  the  galvanic,  but  yields  to 
general  electrization  7vith  thefaradic  current — Relapses  and  again  recojfers 
under  the  same  treatment. 

Case  103. — A  little  patient,  aged  10  years,  under  the  professional  care  of 
Dr.  J.  O.  Farrington,  presented  the  severest  symptoms  of  chorea. 

Prof.  George  T.  Klliott  was  called  in  consultation  May  18,  1 868,  and  by  these 
gentlemen  electrical  treatment  was  advised. 
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Some  two  months  previous  to  the  consultation  certain  abnormal  movements 
— such  as  starting  suddenly  to  his  feet,  throwing  out  a  hand  or  a  foot,  etc. — 
were  observed  by  the  teacher  of  the  boy.  Two  weeks  subsequently,  the  patient 
was  seized  with  well-marked  choreic  symptoms  of  the  right  side  of  the  body, 
and  in  two  days  the  disturbance  extended  to  the  opposite  side.  So  constant 
and  violent  were  the  movements  of  his  arms  and  legs  that  it  was  impossible  to 
keep  him  on  a  bed  or  sofa.  It  was  necessary  to  place  him  on  the  carpet,  sur- 
rounded by  inflated  rubber  bags.  Intelligence  seemed  to  be  perfect,  but  the 
power  of  speech  was  lost,  and  the  sufferer  made  known  his  wants  by  impatient 
cries  and  ill-directed  motions. 

Sleep  was  impossible  without  the  nightly  administration  of  an  opiate  Con- 
trary to  our  judgment,  but  by  suggestion,  we  commenced  treatment  by  the  use 
of  a  mild  galvanic  current  directed  especially  to  the  base  of  the  brain  and  the 
^inal  tract;  but  this  method  served  only  to  aggravate  the  child*s  condi- 
tion. We  then  resorted  to  the  faradic  current  by  the  method  of  general  elec- 
trization, but  so  violent  were  the  involuntary  movements  in  the  limbs  and 
body  of  the  patient,  that  it  was  with  difficulty  that  he  could  be  held  in  a  sitting 
posture  and  his  feet  kept  on  the  copper  plate  to  which  the  negative  pole  was 
attached.  The  applications  were  general — every  portion  of  the  body,  from  the 
head  to  the  feet,  being  influenced  on  each  occasion. 

Improvement  was  manifest  from  the  very  first.  He  was  at  once  enabled  to 
sleep  soundly,  althoiigh  his  opiate  was  reduced  one-third,  and  after  the  fourth 
application  it  was  dispensed  with  altogether.  In  the  course  of  three  weeks, 
during  which  time  fifteen  applications  were  given,  the  case  was  so  far  improved 
that  the  patient  was  able  to  utter  distinctly  words  and  sentences.  The  choreic 
symptoms  were  so  much  diminished  that  the  boy  could  readily  sit  quiet  and 
alone,  and  during  an  application  was  able  to  command  the  movements  of  his 
body  and  feet.  Improvement  continued  during  the  administration  of  a  few 
more  applications,  when  the  child  was  taken  to  the  sea-shore,  where  in  two 
weeks  he  quite  recovered.  Some  three  months  since,  after  having  enjoyed 
excellent  health  for  a  year  and  a-half,  the  boy  suffered  from  a  second  attack. 
He  was  immediately  subjected  to  the  influence  of  electrization,  and  recovered 
even  more  rapidly  than  before. 

TORTICOLLIS — (WRY-NECFC). 

This  familiar  disease  consists  in  a  spasm  of  the  muscles  of  the 
neck,  by  which  the  head  is  drawn  to  one  side.  The  spasms  may 
be  tonic  or  clonic. 

Although  the  pathology  of  the  disease  is  obscure,  it  is  yet  quite 
clear  that  it  is  of  a  nervous  character.  More  than  by  other 
cause,  it  is  brought  on  by  excessive  mental  labor  or  anxiety. 
The  symptoms  usually  come  on  gradually ;   the  muscles  of  the 
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neck  on  the  side  toward  which  the  neck  is  turned  are  sometimes 
flabby  and  atrophied,  and  the  muscles  on  the  other  side  are 
hard,  lumpy,  and  enlarged.  Frequently  the  deeper  muscles  of 
the  neck  are  involved,  as  well  as  the  stemo-cleido-mastoid  and 
trapezius.  The  spinal  accessory  nerve  would  appear  to  be  at 
fault.  The  condition  is  really  a  kind  of  ^^ partial  chorea,^*  anal- 
ogous to  writer^  s  cramps  facial  spasms^  spasm  of  the  eye-lid^  and,  like 
all  these,  is  usually  very  obstinate,  except  in  the  mild  form  and 
early  stages.  The  disease  is  frequently  brought  on  by  excitement 
or  worry. 

Diagnosis. — The  disease  should  not  be  confounded  with  com- 
mon stiff  neck  that  is  caused  by  rheumatism  of  the  muscles  of  the 
neck  and  is  analogous  to  lumbago.  In  stiff  neck,  which  usually 
yields  to  faradization  like  other  forms  of  myelgia,  the  head  is  kept 
from  moving  by  the  pain  which  movement  causes.  Diseases  of 
spine  and  diseases  of  the  brain  sometimes  produce  tonic  spasms 
of  the  muscles  of  the  neck  that  resemble  torticollis. 

Electric  examination. — On  the  affected  side  *  the  muscles  some- 
times exhibit  increased  electro-muscular  contractility  and  sensi- 
bility. On  the  other  side  the  electro-muscular  contractility  is 
sometimes  diminished. 

Treatment. — Galvanization  of  the  muscles  of  the  affected  side 
with  mild  currents,  and  faradization  of  the  muscles  of  the  other  side, 
galvanization  of  the  sym])athetic  and  cervical  spine,  are  the  meth- 
ods that  should  be  tried  in  this  disease.  They  may  be  tried  sim- 
ultaneously or  in  succession. 

Protracted  applications  are  not  ordinarily  indicated  in  this 
affection. 

General  treatment  is  only  required  when  the  patient  is  debili- 
tated. 

In  connection  with  the  use  of  electricity,  the  hypodermic  in- 
jection of  morphine,  and  counter-irritation  of  the  cervical  spine 
by  blisters,  and  mechanical  contrivances  for  keeping  the  head  in 
position,  may  be  tried. 

*  It  should  be  considered  that  the  stemo-cleido-mastoid,  as  it  pulls  the  back 
of  the  head  taiuard  the  shoulder  ^  turns  the  face  in  an  opposite  direction.     The 
face  therefore  is  turned  away  from  the  affected  muscle. 
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Prognosis. — In  the  early  stages  torticollis  may  be  relieved  or 
cured  by  electrical  treatment  alone.  After  it  has  been  established 
for  a  number  of  months,  it  becomes  one  of  the  most  intractable 
of  diseases.  Even  when  relieved  by  treatment,  it  is  much  dis- 
posed to  relapse.  No  case  should  be  abandoned  until  both  gal- 
vanic and  faradic  treatment  has  been  thoroughly  tried,  since  it  is 
the  only  method  of  treatment  that  offers  even  any  hope  ;  and  the 
physician  should  not  be  discouraged  if  the  symptoms  appear  to 
be  aggravated  by  the  first  few  applications,  but  should  reduce  the 
strength  of  the  current  and  the  length  of  the  stances.  The  same 
remark  will  apply  to  analogous  diseases,  such  as  writer's  cramp 
and  facial  spasm. 

Torticollis  of  long  standings  brought  on  by  over-confinement  and  anxiety — 
Some  relief  from  faradization  and  galvanization. 

Case  104. — Mr.  K ,  aged  40,  was  sent  to  us  June,  1870,  by  Dr.  Willard 

Parker.  For  several  years  before  the  attack  appeared  he  had  been  in  his  usual 
health,  but  had  been  severely  confined  and  much  distressed  by  the  cares  of  busi- 
ness. The  symptoms  appeared  gradually ;  they  were  at  first  slight,  and  only 
developed  their  full  force  after  several  weeks.  When  we  first  saw  him  he  had 
been  suffering  for  several  months.  H  is  face  was  almost  constantly  turned  toward 
the  left  side.  On  the  opposite  side  the  stemo-cleido  muscle  was  considerably 
hypertrophied,  and  on  the  other  flabby.  The  position  of  his  face  and  the  vio- 
lence of  the  cramp  were  much  dependent  on  mental  influences,  being  aggravated 
by  exhaustion  or  worry. 

Electric  examination  showed  increase  of  electro-muscular  contractility  in  the 
affected  side,  and  diminution  on  the  opposite  side  (towards  which  the  face  was 
turned).     Careful  examination  revealed  no  evidence  of  disease  of  the  vertebrae. 

The  patient  was  treated  by  stable  galvanization  of  the  hypertrophied  and 
hardened  muscle,  by  spinal-cord  brachial  plexus  current,  by  galvanization  of 
the  sympathetic  and  spine,  and  by  farculizatioH  of  tht  flabby  muscles  of  the 
opposite  side,  and  by  general  faradization.  In  three  weeks  there  was  positive 
but  not  marked  improvement ;  there  was  decrease  of  the  hypertrophy  of  the 
muscle  and  some  diminution  of  the  spasm. 

As  is  so  often  the  case,  the  patient  appreciated  the  benefit  of  the 
treatment  after  resting  for  two  or  three  weeks,  even  more  than  while 
receiving  the  application.  Unfortunately  the  very  sudden  death  of 
a  near  relative  severely  shocked  his  nervous  system,  and  caused 
a  relapse  of  the  torticollis. 
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PARALYSIS   ACITANS  (SHAKING   PALSY). 

There  are  two  kinds  of  shaking  palsy : — 

1st.   Those  with  discoverable  organic  lesions. 

This  condition  is  believed  to  depend  on  degeneration  or  indu- 
ration of  the  central  nervous  system ;  the  degeneration  may  be  in 
the  cervical  portion  of  the  spinal  cord  or  in  the  brain,  and  espe- 
cially in  the  part  near  the  pons. 

2d.  Those  where  no  lesion  can  be  discoi^ered. 

These  are  usually  styled  functional,  although,  like  hysteria,  they 
may  be  supposed  to  depend  on  some  molecular  derangements 
which  are  not  revealed  to  the  microscope. 

The  disease  may  be  local  or  general ;  it  may  attack  one  limb, 
or  the  lower  jaw,  or  all  four  extremities. 

It  is  most  frecjuent  in  the  aged,  but  is  sometimes  observed  in 
middle  life,  or  in  the  young.  In  the  clinic  of  Duchenne  (Paris) 
we  saw  a  typical  case  of  shaking  palsy  in  a  child  two  years  of 
age. 

Treatment — Central  galvanization  and  general  faradization,  for 
general  effects,  may  be  used  in  shaking  palsy  with  benefit  The 
best  results  have  been  obtained  by  galvanization  of  the  spine  and 
sympathetic  and  brain. 

Prognosis, — Cases  where  all  the  limbs  are  affected  are  never 
cured  by  any  method  of  treatment,  especially  in  the  aged.  Cases 
in  which  only  one  limb,  or  one  upper  and  one  lower  limb  are  af- 
fected are  sometimes  benefited,  and  in  rare  instances  cured. 
Temporary  relief  can  sometimes  be  obtained  where  no  permanent 
benefit  results.  The  tremor  of  the  limb  is  sometimes  abated  or 
completely  arrested  for  one  or  more  hours  after  the  application 
either  of  general  faradization  or  galvanization  of  spine^  and  in 
rare  cases  entire  recovery  occurs.  Dr.  Russell  Reynolds  has  re- 
ported a  cure  by  the  galvanic  current.  Recently  Jules  Charon, 
of  Paris,  has  published  the  results  of  galvanization  in  7  cases.  Of 
these  2  were  cured ;  2  were  much  improved ;  and  3  were  much 
improved  in  their  general  condition,  but  not  in  the  tremor. 
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Pa/sy  agitattSf  complicated  with  right  hanipUgiay  coming  on  gradually 
during  a  season  of  overwork—  Both  hands  affected  with  tremor ;  diminU" 
tion  in  size  of  the  right  leg ;  insomnia  and  nervousness — Temporary 
calming  and  strengthening  effect  from  general  faradization — No  benefit 
from  galvanization — No  permanent  relief  of  the  palsy  agitans. 

Case  105. — Mrs.  F.,  aged  66,  of  strong  frame  and  capable  of  great  exertion, 
while  very  busily  engaged  in  service  for  the  Sanitary  Commission  in  1862,  was 
attacked  by  slight  symptoms  of  disease  of  the  central  nervous  system,  which 
eventuated  in  decided  hemiplegia  of  the  right  side.  This  was  followed  in  the 
course  of  time  by  palsy  agitans,  that  extended  to  both  upper  and  lower 
extremities. 

We  first  saw  the  patient  May  17,  1869.  She  was  then  quite  helpless  and 
dependent ;  was  assisted  in  going  to  and  rising  from  her  bed.  The  shaking  of 
the  hands  was  constant,  except  during  sleep,  on  which,  however,  she  could 
not  depend. 

Electric  examination. — Slight  diminution  of  electro-muscular  contractility 
and  sensibility  in  the  muscles  of  the  right  leg,  with  some  anaesthesia. 

The  right  leg  above  the  knee  was  smaller  than  the  left  by  half  an  inch. 

The  patient  had  been  much  relieved  in  her  general  symptoms,  though  not  in 
shaking,  by  general  faradization.  We  continued  for  two  weeks  the  same 
treatment,  with  temporary  benefit.  The  patient  usually  experienced  to  a  very 
pleasant  d^ree  the  temporary  calming  and  tonic  influence  of  the  applications. 

Galvanization  that  we  subsequently  employed  did  not  seem  to  be  as  satis- 
factory in  its  effects. 

We  have  succeeded  in  suspending  the  tremor  in  one  case  of 
palsy  agitans,  for  two  or  three  days,  by  general  galvanization. 

Among  the  many  forms  of  tonic  and  clonic  cramps  for 
which  galvanization  and  faradization  are  of  essential  service, 
may  be  mentioned  : — 

MUSCULAR   CONTRACTIONS. 

These  may  arise  in  hysteria,  in  myelitis,  meningitis,  and  spon- 
dylitis, diseases  of  the  cerebrum  and  cerebellum,  or  they  may  be 
of  a  reflex  character.  They  exist  sometimes  in  neuritis  or  rheu- 
matism. 

The  treatment  consists  in  peripheral  galvanization  or  faradiza- 
tion of  the  affected  muscles  or  of  their  antagonists,  with  stable 
currents  and  galvanization  of  the  head,  spine,  and  sympathetic, 

according  to  the  special  indications. 
20* 
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The  prognosis  is  usually  unfavorable  for  all  except  the  rheu- 
matic cases. 

FACIAL   SPASM. 

This  affection,  which  is  not  unfrequent,  is  usually  very  obstinate 
against  all  treatment  The  treatment  is  galvanization  with  the 
spinal-cord-muscle  or  nerve-muscle  current.  Recent  cases  may 
be  cured  by  the  application  of  the  galvanic  current  to  the  branches 
of  the  fifth  pair.  Long-standing  cases  may  be  temporarily  reliev- 
ed, but  are  rarely  permanently  cured.  Remak  reported  success 
even  after  the  condition  was  very  chronic. 

DYSPHAGIA   FROM   SPASMS   OF  THE   PHARYNX. 

This  symptom,  though  sometimes  the  result  of  organic  central 
disease,  is  not  unfre(j[uently  of  a  purely  spasmodic  character, 
and  as  such  is  amenable  to  electric  treatment,  either  by  ex- 
ternal or  internal  applications.  The  method  we  adopt  for  such 
cases  is  to  place  one  pole  on  the  back  of  the  neck  and  the 
other  just  above  the  sternum,  or  by  the  inner  border  of  the  ster- 
no-cleido-mastoid  muscle.  If  this  method  fails,  internal  appli- 
cations may  be  made,  by  means  of  a  catheter-shaped  electrode, 
against  the  opening  of  the  oesophagus.  Some  cases  yield  with 
surprising  readiness  to  external  treatment.  Cases  dependent  on 
central  disease  are  usually  quite  rebellious. 

A  case  of  this  kind,  in  which  the  food  was  returned  through  the 
mouth  or  nose,  was  cured  by  Hiffelsheim  by  galvanization. 

HifTelsheim  has  recorded  a  case  of  excessive  and  obstinate 
vomiting  that  was  cured  by  five  applications  of  the  galvanic  cur- 
rent to  the  pneumogastric. 

SINGULTUS    (hiccough). 

This  symptom,  when  it  becomes  permanently  annoying,  might 
be  treated  by  galvanization  of  the  sympathetic  and  pneumogas- 
tric, (Fig.  41,  p.  i7^>-) 

TREMORS. 

Tremors  caused  by  lead  poison,  by  alcohol,  or  by  mercury, 
and  by  the  various  cerebral  affections,  do  not  offer  a  very  favor 
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able  prognosis.     Some  of  Ihe  cases  from  these  causes  simulate 
palsy  agitans. 

TETANUS. 

Dr.  Mendel  has  reported  two  cases  of  tetanus  successfully 
treated  by  the  galvanic  current.  He  used  various  methods  of 
application,  central  and  peripheral.  Immediate  relief  followed 
each  application. 

The  conclusions  at  which  he  arrives  from  his  cases  are  that  a 
mild  current  should  be  applied  to  the  affected  muscles,  without 
regard  to  the  direction  of  the  current,  although  the  positive  pole 
should  be  applied  to  the  antagonists. 

HYDROPHOBIA. 

Schivardi  (quoted  by  Benedikt)  treated  a  case  of  hydrophobia 
by  galvanization  continued  for  eighty  hours.  The  current  was 
directed  from  the  feet  to  the  forehead.  The  symptoms  were  al- 
leviated, but  the  patient  died. 

STAMMERING. 

Dr.  Althaus  succeeded  in  curing  a  case  of  stammering  of  five 
years'  standing,  in  a  lad  nine  years  of  age,  by  the  application  of 
the  galvanic  current  to  the  laryngeal  nerves.  The  applications 
were  made  twice  a  week  for  two  mohths. 

EPILEPSY. 

Epilepsy  is  one  of  the  diseases  for  which  electricity  in  some 
form  or  other  has  been  used  for  many  years,  though  with  rather 
uncertain  and  capricious  results.  The  method  of  treatment  that 
promises  most  in  this  disease  is  galvanization  of  the  sympathetic, 
and  perhaps  also  of  the  head  and  spine.  Another  method  is  to 
place  one  of  the  poles  over  the  point  whence  the  aura  proceeds, 
and  the  other  over  the  nerve-centre.  Local  treatment  may  be 
advantageously  combined,  in  case  of  debility,  with  general  elec- 
trization. 

This  treatment  is  now  considerably  employed,  and  occasion- 
ally with  positive  results.  The  subject  demands  rigorous  and 
patient  investigation.     Epilepsy  of  the  hysterical  variety  offers  a 
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field  of  considerable  promise  for  the  observation  and  study  cf 
those  who  use  electricity  in  the  treatment  of  disease. 

Prognosu. — ^Temporary  relief  can  be  obtained  in  very  many 
cases  of  epilepsy  by  electrical  treatment  The  intervals  be- 
tween the  attacks  can  be  greatly  lengdiened,  and  in  a  certain 
proportion  of  the  cases  the  results  are  believed  to  be  perma- 
nent. 

Althaus^  states  that  of  64  ejnleptics  that  he  has  treated  by 
galvanization,  in  only  two  did  it  prove  to  be  injurious,  while  in 
the  large  majority  of  cases  immediate  benefit  was  perceptible. 
How  permanent  the  result  would  be,  he  was  not  able  to  judge. 

Of  6  cases  that  we  have  treated,  2  were  decidedly  benefited,  2 
were  slightly  benefited,  i  was  not  benefited,  and  in  i  case  the 
result  is  unknown. 

Petit  tnal^Marked  temporary  rtUeffrom  gentral /aradnatiam  and  gahfani- 

zatwn  cf  sympatketk^^Rela^, 

Case  106. — In  one  case  of  «  petit  nud**  occuiring  in  a  boy  some  13  years 
of  age,  the  bromide,  given  in  doses  of  10  grs^  three  times  a  day,  acted  eharm- 
ingly.  The  paroxysms,  which  for  nearly  two  years  had  occurred  from  six  to 
ten  times  a  day,  were  immediately  reduced  to  one,  two,  and  three  in  the 
twenty-four  hours. 

This  improvement  was  manifest  for  nearly  a  month,  when,  notwithstanding 
the  increased  doses  of  bromide,  the  paroxysms  gradually  increased  in  frequency, 
until  the  {xitient  was  rendered  unconscious  by  them  as  often  as  before.  We 
now  res()rte<l  to  general  electrization  with  the  faradic  current,  and  occasionally 
to  galvanization  of  the  sympathetic  Singularly  enough,  the  results  that  fol- 
lowctl  were  Kul)stantially  the  same  as  those  obtained  from  the  administration  of 
the  bromide  of  {M)tassium.  For  a  few  weeks  the  frequency  of  the  epileptic 
HcizurcH  was  rc<luccd  to  one  and  two  a  day,  when,  notwithstanding  every  effort, 
there  was  a  second  relapse  to  his  old  condition. 

The  boy  evidently  inherited  a  very  decided  nervous  diathesis,  but  the  ex- 
lUinj:  ciiUHC  of  the  attacks  was  ascribed  to  a  severe  fall  some  weeks  before  the 
MiiinifoHinlion  of  the  first  paroxysm. 

A///f/ri'  0/  f/firn  years'  standing— Periodical  attacks^Imprcvement  in  sleep 
and  mthtahondition^  and  diminution  0/ attacks  under  getteral  faradiza- 
ft,*M     Xt*tAi  fif(  further  j^ained  by  galvanization, 
Tamk  107.     W.  n.  v.,  a  lad  aged  16,  began  first  to  suffer  from  epileptic 

«*Uutv«  when  but  fivi*  yourN  old. 

♦  Op.  oil.,  !>.  521. 
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For  the  first  five  years  the  attacks,  consbting  of  a  number  of  fits  in  rapid 
succession,  occurred  every  five  or  six  weeks.  From  his  eighth  to  his  fifteenth 
year  the  paroxysms  increased  in  frequency  and  severity,  until,  at  the  date  of  his 
visit  to  us,  the  attacks  recurred  every  week. 

It  was  a  noticeable  fact  that  for  the  last  year  the  patient  had  almost  inva- 
riably suffered  from  these  epileptic  seizures  on  Saturday. 

The  boy  had  grown  sensibly  weaker  both  in  mind  and  body,  and  was  exces- 
sively irritable  and  capricious. 

Treatment  was  commenced  by  general  faradization,  with  special  reference 
to  the  head  and  spme. 

Under  this  treatment  sleep  became  more  sound  and  refreshing,  and  the  mind 
calmer,  while  the  usual  paroxysm  was  delayed  until  the  Thursday  following  the 
regular  time  for  its  recurrence.  The  general  condition  of  the  patient  continued 
to  improve,  and  a  second  attack  was  delayed  four  weeks.  He  remained  under 
observation  some  months  longer,  having  a  paroxysm  (far  less  severe,  however, 
than  fonnerly)  about  every  four  weeks.  The  galvanic  current,  variously  used, 
seemed  to  accomplish  nothing  that  had  not  already  been  obtained  by  the  faradic. 
The  case  soon  after  passed  from  our  care,  and  whether  relapses  have  occurred 
we  have  not  been  able  to  ascertain. 
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CHAPTER  XXVIII. 
I^/SE.iSJ^S  OF  THE  ORGAXS  OF  DIGESTION. 

Amonc.  the  diseases  of  the  organs  of  digestion  for  which  clec- 
Iri.Mtion  has  been  successfully  employed  are  ^j^^r/jw,  gastralgia^ 
w^mitin^  or  re^urgitationy  jaundice^  constipation^  chronic  diarrhma^ 
aiul  ahJcmimil  neurai^^ia. 

Those  symptoms  may  be  divided  into  two  classes — those 
which  ilopond  on  actual  and  recognizable  disease  of  the  organs, 
and  those  wliich  are  of  a  nervous  character.  Dyspepsia,  gas- 
trali^ia,  and  voiuiiing  may  arise  from  weakness,  congestion,  in- 
tlammaiion,  ulceration  of  the  stomach  ;  jaundice  from  a  variety  of 
morbid  slates  o'i  ilie  li\  er  :  constipation  and  chronic  diarrhoea,  and 
abdominal  neuralgia,  from  disease  of  any  or  all  of  the  organs  of 
dis^e^iion,  from  the  stomach  to  the  intestines. 

On  the  other  hand,  all  of  these  symptoms  may  exist  inde- 
pendent of  any  recognizable  disease  of  the  respective  organs. 
Such  cases  are  to  be  classed  among  the  nervous ;  they  occur 
usually  in  nervous  constitutions,  and  are  symptomatic  of  disease 
of  the  nerve  supply  of  the  organs,  of  the  spinal  cord,  of  the  sym- 
pathetic, or  of  all  combined. 

Tiiese  two  general  types  of  disease  are  sometimes  associated. 

Ki<\'fro  diii^i^NOsis. — Irritable  conditions  of  the  stomach,  liver, 
and  intestines  are  sometimes  revealed  bv  their  sensitiveness  to  the 
electric  current.  Pains  must  be  taken  to  distinguish  the  sensi- 
tiveness of  the  skin  fro:n  that  of  the  internal  organs. 

An  an.esthctic  condition  of  the  liver  is  sometimes  exceedingly 
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marked.  In  two  of  our  cases  the  whole  power  of  our  faradic 
apparatus  was  not  painfully  felt,  when  localized  through  the  liver 
by  large  sponge  electrodes. 

Irritability  or  ulceration  of  the  large  intestine  is  sometimes  in- 
dicated in  a  very  marked  manner.  For  the  diagnosis  of  diseases 
of  these  organs  the  faradic  current,  on  account  of  its  superior 
mechanical  effects,  is  preferable  to  the  galvanic. 

Formerly  the  first  type  was  the  more  prevalent ;  latterly  the 
second  type  is  much  the  more  frequent,  especially  among  the 
higher  classes.  This  change  in  type  calls  for  a  corresponding 
change  in  treatment.  The  depletion  and  abstinence  and  power- 
ful purgatives  which  proved  so  efficacious  in  the  "  indigestion " 
and  "  biliousness  "  of  former  days,  only  aggravates  much  of  the 
nervous  dyspepsia  and  constipation  of  the  present  generation. 
Experience  sustains  the  assertion  that  the  majority  of  patients 
in  the  higher  order  of  society  who  suffer  from  dyspepsia,  consti- 
pation, etc.,  are  benefited  more  by  nourishing  food  than  by 
starvation — more  by  tonics  than  by  purgatives.* 

General  Principles  of  Treatment. — Electrical  treatment  is  ser- 
viceable in  the  diseases  of  the  organs  of  digestion  in  two  ways  : 
First,  by  the  mechanical  influence  of  the  current  on  the  tissues  of 
the  organs ;  Secondly,  by  its  tonic  influence  on  the  spinal  cord,  sym- 
pathetic, and  entire  nervous  system.     In  the  first  type  the  former 

♦  These  remarks  will  apply  with  nearly  equal  force  to  some  other  diseases 
besides  those  of  the  organs  of  digestion.  We  have  been  led  to  make  them 
in  this  chapter  because  the  diseases  here  spoken  of  are  so  exceedingly  fre- 
quent, and  because  the  distinction  between  the  two  types  and  the  fact  of  the 
change  of  type  is  not  yet  universally  understood.  We  are  continually  con- 
sulted by  patients  afflicted  with  the  symptoms  above  named,  who  have  been  not 
a  little  injured  by  excessive  use  of  purgatives  and  laxatives,  to  whom  it  has 
never  been  suggested  that  the  spinal  cord  or  some  other  portion  of  the  nervous 
system  might  be  at  fault. 

Dr.  John  Brown,  in  the  charming  essay,  **  My  Father's  Memoir,"  before 
quoted,  thus  remarks  :  **  He  was  during  life  subject  to  sudden  headaches,  affect- 
ing his  memory  and  eye-sight,  and  even  his  speech ;  these  attacks  were, 
according  to  the  thoughtless  phrase  of  the  day,  called  bilious — that  is,  he  was 
sick  and  was  relieved  by  a  blue-pill  and  smart  medicine.  Their  true  seat  was  in 
the  brain ;  the  liver  suffered  because  the  brain  was  ill  and  sent  no  nervous 
energy  to  it,  or  poisoTtd  what  it  did  send." 
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influence,  in  the  second  typi-  the  latter  is  indicated,  The  tonic 
influence  on  tht  nervous  system  may  be  obtained  by  galvanira- 
tion  of  the  spine,  brain,  sympathetic  and  jineumogastric,  and  by 
general  electrization.  The  mechanical  intlcience  on  tlie  tissiiesof 
the  viscera  may  be  obtained  by  general  or  localized  faradization, 
A  fundamental  fact  of  great  inijiortance  in  the  treatment  of 
disorders  of  the  digestive  tract  is  this,  that/cr  direct  appiieations 
to  the  abdominal  viscera,— stomach,  spleen,  liver,  intestines,  and 
uterus, — thc/aradic  current  is  far  preferable  to  the  galvanic.  The 
reasons  for  this  are  twofold  : — 

1.  The  faradic  current  acts  more  vigorously  on  the  contractile 
fibre-cells  of  the  organs  than  the  galvanic,  and  therefore  jiroduces 
more  powerful  mechanical  effects,  with  passive  exercise  of  all  the 
deep  tissues.   (See  p.  155.) 

2.  These  parts  are  so  situated  anatomically,  and  are  so  liber- 
ally supplied  with  warm  saline  solutions,  that  they  conduct  the 
faradic  current  under  all  conditions  with  perfect  ease.  (Sec 
p.  89  ) 

In  the  brain  and  spinal  cord  and  sympathetic  these  conditions 
are  reversed,  and  they  are  best  treated  by  the  galvanic  current 
(See  p.  153.) 

Localized  Electrisation  ■  of  the  Abdorninal  Viscera. — ^Thc 
stomach  and  liver  may  be  indirectly  galvanized  through  the  pneu- 
mogastric  in  the  neck ;  the  stomach,  liver,  spleen,  kidneys,  and 
intestines  may  be  directly  faradJzed  by  applying  large  electrodes 
with  very  fine  pressure  over  the  back  and  abdomen,  so  as  to  pass 
the  current  directly  through  the  or^an  that  we  wish  to  affect 
Except  in  cases  of  disease,  these  organs  will  bear  with  very 
strong  currents  without  severe  discomfort.  Either  stable  or  la- 
bile applications  may  be  used,  without  regard  to  the  direction  of 
the  current,  from  three  to  five  minutes,  or  even  longer, 

Dytfefsia,  atcoinpaHifd  by  a  voracious  afpilili  and  a  (^nitant  hunting  in 
the  slomach,  dependtat  on  vaseutar  irrilatisn  0/  its  nmeaui  memtrane — 
Afpraximalt  rtcovery  under  trialnienl  fy  general /araditation. 
Case  loS, — The  caw  of  Mr.   S.,  a|,-ed  31,  pre-senleil  s-ymploms  or  IhcoU- 

fuhioned  variety  of  uidi^^ehtion.      His  appearince  did  nut  indicate  aujr  ^ 

or  a»n»ying  dbeasc 


Nervous  Dyspepsia,  473 

A  year  previously  he  b^fan  to  experience  an  uneasy  feeling  in  the  epigastric 
region  after  eating  a  hearty  meal.  This  symptom  gradually  became  more 
a^ravated,  until  it  was  a  source  of  serious  annoyance. 

He  had  been  advised  to  limit  himself  to  a  spare  diet,  and  had  attempted  to 
regulate  the  quantity  and  quality  of  his  food.  In  this  he  failed  on  account 
of  another  symptom,  which  before  had  escaped  his  observation.  We  refer 
to  bulimia  —  in  other  words,  a  voracious  ap{)etite,  which  refused  to  be 
controlled.  The  enormous  amount  of  food  which  he  devoured  at  every  meal 
was  but  partially  digested.  A  considerable  portion  was  occasionally  vomited. 
When  his  meals  were  withheld  a  short  time,  he  experienced  an  indescribable 
"  sinking  "  at  the  stomach,  impelling  him  to  seize  voraciously  on  articles  of 
food.  He  complained  especially  of  a  constant  sensation  of  heat,  or  a  burning 
pain  in  the  epigastrium,  which  was  aggravated  by  the  ingestion  of  food.  We 
ascribed  this  symptom  to  an  excessive  vascular  irritation  of  the  mucous  mem- 
brane of  the  stomach. 

An  unequal  circulation  was  manifested  by  cold  extremities  during  the  day, 
and  hot  feet  at  night. 

Derangement  of  the  hepatic  function  was  evident  by  the  light  clay-colored 
stools,  while  the  urine  was  invariably  almost  colorless.  The  patient  was  accus- 
tomed to  the  habitual  use  of  alcoholic  stimulants,  but  never  to  the  point  of  intoxi- 
cation. He  had  used  strong  coffee  and  tea  to  excess,  but  had  for  some  months 
abstained  from  them  altogether.  The  faradic  current  was  acutely  felt  over 
the  stomach.  Over  the  body  generally,  however,  he  bore  a  current  of  more 
than  ordinary  intensity.  Three  applications  given  in  the  course  of  a  week 
appreciably  lessened  the  irritation  of  the  diseased  organ.  This  effect  was 
evinced  by  a  decrease  in  the  burning  sensation,  which  was  mentioned  as  a  disa- 
greeable and  marked  symptom.  The  vomiting  was  effectually  controlled  after 
two  weeks  of  treatment.  Twenty  applications  administered  during  a  period 
of  two  months  resulted  in  an  approximate  cure. 

The  voracious  appetite  was  in  a  great  measure  subdued,  and  it  was  only  after 
some  indiscretion  in  diet  that  any  of  the  old  local  symptoms  returned  sufficient 
to  annoy  the  patient. 

NERVOUS    DYSPEPSIA    (DYSPEPSIE    ASTHENIQUE). 

Under  this  somewhat  vague  term  are  included  a  large  and  diverse 
variety  of  symptoms  that  depend  on  some  irritation  or  morbid 
condition  of  the  nerves  that  supply  the  organs  of  digestion.  This 
morbid  condition  may  probably  be  peripheral  as  well  as  central. 
Much  more  frequently  than  is  supposed,  the  symptoms  are  due 
to  spinal  irritation  or  to  some  diseased  condition  of  the  central 
nervous  system.  That  the  oftentimes  meaningless  terms,  dyspepsia 
and  indigestion,  like  **  biliousness,"  are  exceedingly  abused  by  the 
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profession  as  well  as  by  the  laity,  there  can  be  no  question  ;  but 
this  abuse  finds  not  a  little  justification  in  the  fact  that  the  distress- 
ing sensations  and  conditions  which  these  terms  are  designed  to 
express  are  exceedingly  frequent  Our  object  here  is  not  to 
enter  into  any  detailed  description  of  the  symptoms  and  cause  of 
this  so  very  familiar  malady,  but  merely  to  show  its  relation  to 
some  of  the  other  neuroses,  and  to  indicate  the  rationale  and  the 
results  of  its  treatment  by  electrization. 

Among  the  leading  and  distinctive  symptoms  of  nervous  dyspep- 
sia are  distress  and  uneasiness  in  the  stomach  during  or  after 
eating,  or  when  the  stomach  is  empty ;  pain  or  spasms  in  the 
stomach,  from  emotional  causes ;  sick-headache  ;  constipation,  or 
sometimes  diarrhcea ;  deficiency  of  thirst,  mental  depression,  and 
general  debility.  Any  one  of  these  symptoms  may  arise  from  some 
inflammatory  condition  of  the  stomach  or  other  portions  of  tlie 
digestive  tract ;  but  all  of  them  together,  when  found  in  a  nervous 
constitution,  point  to  a  nervous  origin. 

It  may  be  remarked  concerning  this  form  of  dyspepsia  : — 

I.  It  is  most  frequently  found  in  nervous  communities  and 
among  nervous  individuals.  In  barbarous  and  semi-civilized 
lands,  indigestions — caused  by  some  phase  of  inflammation  of  the 
stomach,  resulting  from  gastritis  caused  by  excesses  in  eating  and 
drinking,  from  prolonged  abstinence,  from  exposures  and  priva- 
tions incident  to  their  unsettled  condition — are  indeed  not  uncom- 
mon ;  but  the  symptoms  of  such  indigestions  are  not  only  different 
from  the  dyspepsia  of  nervous  communities  and  nervous  organi- 
zations, but  they  are  also  less  distressing  and  less  permanent. 
Comparing  the  different  civilized  lands,  we  find  that  dyspepsia  is 
more  frequent  among  those  who  use  the  brain  most  exclusively  and 
most  intensely,  and  who,  as  a  logical  consequence,  are  most  nerv- 
ous. Among  the  (Germans,  the  most  phlegmatic  of  civilized  people, 
the  term  dyspej)sia  is  almost  unknown,  because  the  disease  itself 
is  comparatively  rare.  In  France  the  term  is  much  more  fre- 
(lucntly  used  and  is  better  understood,  and  among  women  especially 
is  not  unfrcciuent.  In  England  dyspepsia  is  probably  more  com- 
mon than  in  any  other  country  except  the  United  States.  But  it 
is  in  the  United  States  that  dyspepsia  finds  its  chosen  home — where 
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as  has  been  stated,  the  nervous  diathesis  is  most  strongly  marked. 
It  is  here  found  among  all  orders  of  society,  though  chiefly,  of 
course,  among  the  intellectual  and  cultivated.  It  may  be  said 
as  a  rule,  that  in  proportion  as  men  become  nervous,  in  that 
proportion  do  they  become  liable  to  dyspepsia.  It  is  probably 
safe  to  say  that  nine  out  of  ten  of  the  cases  of  dyspepsia  among 
the  better  classes  of  America  are  of  the  nervous  variety. 

2.  It  alternates  with  other  well-recognized  nervous  symptoms, 
and  is  frequently  developed  by  metastasis.  The  nervous  con- 
nection of  the  stomach  and  the  other  organs  of  digestion  is  so 
direct  and  so  complex,  that  any  disorder  of  the  brain,  of  the  spinal 
cord,  or  of  any  of  the  peripheral  nerves,  may  at  once  affect  the 
digestive  process  and  bring  on  the  varied  symptoms  of  dyspepsia. 
This  transference  of  pain,  or  distress,  or  uneasiness,  from  different 
parts  of  the  body  to  the  stomach  may  be  instantaneous.  Thus, 
pain  in  the  head  may  be  telegraphed  to  the  epigastric  region  with 
the  speed  of  nervous  force,  and  vice  versd.  The  interdependence 
of  the  genital  and  the  digestive  apparatus  is  so  direct,  that  morbid 
sensations  may  be  transferred  almost  instantly  from  one  to  the 
other.  Exhaustion  of  the  brain  from  over-study,  as  many  literary 
workers  will  attest,  may  be  felt  in  the  stomach,  while  the  head 
suffers  not  at  all.  Just  so  unpleasant  mental  or  moral  impressions 
seem  to  affect  the  stomach  and  brain  almost  simultaneously,  so  as 
to  destroy  the  appetite  in  the  midst  of  a  meal.  The  impor- 
tant fact  to  be  considered  is  that  nervous  dyspepsia^  so  far 
from  being  a  merely  local  disease  of  the  stomachy  is  simply  one  of 
many  manifestations  of  the  nervous  diathesis,  and  is  dei'eloped  by 
whatever  causes  tend  to  debilitate  the  nervous  system,  and  may  vari- 
ously alternate  with  almost  any  conceivable  phase  of  nervous  disease 
in  any  part  of  the  body.  Usually,  however,  the  concentration  of 
the  nervous  diathesis  upon  the  stomach,  giving  rise  to  the 
symptoms  which  we  call  dyspepsia,  is  comparatively  slow,  and 
may  only  be  developed  after  the  patient  has  been  a  nervous 
sufferer  for  many  months  and  years.  Thus  long-standing  weak- 
ness of  the  genital  organs,  in  male  or  female,  frequently  assumes 
the  form  of  dyspepsia,  or  rather  runs  into  it,  leaving  the  genital 
organs  perhaps  comparatively  free  from  irritation.    This  law  in  re- 
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gard  to  the  metastasis  of  nervous  affections  works  both  ways  ;  dys- 
pepsia itself  may  pass  into  some  other  and  perhaps  more  serious 
affection  of  the  nervous  system.  Metastasis  of  disease  of  the  stom- 
ach to  the  spinal  cord  or  the  brain,  or  some  portion  of  the  periphery 
of  the  nervous  system,  is  more  markedly  observed  than  the  metas- 
tasis of  disease  from  these  other  parts  to  the  stomach.  Close 
observation  will  show  that  of  those  who  in  mature  or  advanced 
life  are  ])rostrated  by  disease  of  the  brain  or  cord,  or  are  made 
wretched  by  constitutional  neuralgia,  a  large  number  were  at 
some  period  of  their  lives  dyspeptics.  Neglect  of  this  symptom, 
continued  perhaps  for  years,  and  combined,  it  may  be,  with  per- 
sistent abuse  of  the  nervous  system  by  over-work  or  over-worry, 
or  by  over-indulgence  of  the  passions,  has  had  the  effect  to  drive 
the  disease  from  the  stomach,  but  at  the  same  time  to  cause  it  to 
take  its  seat  and  intrench  itself  in  some  more  important  strong- 
hold, as  the  brain  or  the  spinal  cord. 

The  organs  most  abused  in  childhood,  before  puberty,  are  the 
digestive  ;  in  early  manhood  the  genitals ;  in  maturity  and  old  age 
the  brain  ;  correspondingly  we  find  that  childhood  is  disposed  to 
derangements  of  the  digestive  system  ;  early  manhood  to  disorders 
of  the  genitals,  and  maturity  and  old  age  to  organic  affections  of 
the  central  nervous  system.  Thus,  paraplegia  may  be  the  terminal 
symptom  of  the  nervous  diathesis  which  in  early  life  manifested 
itself  by  dyspepsia. 

3.  Nervous  dyspepsia  is  relieved  by  the  methods  of  treatment 
which  are  found  most  successful  in  other  functional  nervous  dis- 
orders. The  indigestions  of  former  days  and  from  which  our 
fathers  suffered  were  frequently,  perhaps  usually,  symptomatic 
of  chronic  gastritis  and  hepatic  engorgement,  and  were  therefore 
relieved  by  purgatives  and  dieting,  by  blue-pill  and  bleeding. 
But  the  nervous  dyspepsia  of  our  times,  of  the  modem  constitu- 
tion, is  a  very  different  affection,  and  is  usually  aggravated  by 
purgatives  and  depletion,  and  best  relieved  by  ionics.  The 
ordinary  bitters  are  not  sufficient ;  the  dyspeptid  needs  tonics  that 
not  only  temporarily  sharpen  the  appetite,  but  which  strengthen 
and  fortify  the  nervous  system,  which  remove  the  debility  of  which 
the  dyspepsia  is  simply  one  of  the  symptoms. 
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Electro  diagnosis. — In  nervous  dyspepsia  there  is  frequently  a 
peculiar  and  very  unpleasant  tenderness  in  the  epigastric  region, 
so  that  only  a  very  mild  current  can  be  borne.  In  some  cases 
a  thrill,  with  a  sinking  sensation,  is  felt  when  the  electrode  with  a 
strong  current  is  passed  down  the  spine ;  in  other  cases  the  appli- 
cation  of  a  strong  current  at  the  cilio-spinal  centre,  or  on  the 
crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal  irrita- 
tion, on  which  nervous  dyspepsia  so  frequently  depends,  is  indi- 
cated by  tenderness  of  the  dorsal  vertebras  on  pressure  or  on 
application  of  the  current. 

Treatment. — We  know  of  no  treatment  so  sure  to  relieve  the 
leading  and  concomitant  phenomena  of  dyspepsia  as  general 
faradization.  In  connection  with  this  we  sometimes  use  galvani- 
zation of  the  sympathetic,  the  pneumogastric,  and  spine.  General 
electrization  relieves  nervous  dyspepsia,  not  so  much  by  the 
virtue  of  its  influence  on  the  stomach — although  it  directly  affects 
the  stomach — as  by  its  influence  on  the  nervous  condition  of 
which  the  dyspepsia  is  a  symptom. 

The  number  of  our  cases  in  which  dyspepsia  was  the  only  symp- 
tom was  comparatively  small ;  the  number  in  which  it  was  a 
prominent  accompanying  symptom  was  quite  large.  Most  of  the 
cases  of  hysteria,  nervous  exhaustion,  and  hypochondriasis,  and 
very  many  of  the  cases  of  neuralgia  and  paralysis,  were  more  or 
less  complicated  with  dyspeptic  symptoms.  Relief  of  dyspepsia 
is  one  of  the  earlier  signs  of  improvement  under  general  electriza- 
tion, even  when  treating  cases  in  which  it  is  merely  an  incidental 
condition. 

Prognosis. — For  the  temporary  or  permanent  relief  of  nervous 
dyspepsia,  the  prognosis  under  the  treatment  above  indicated  is 
exceedingly  favorable,  and  the  results  obtained  by  general  fara- 
dization alone  are  some  of  the  most  remarkable  in  therapeutics. 
Cases  of  nervous  dyspepsia,  with  their  manifold  complications, 
are  on  the  whole  the  best  tests  that  can  be  offered  for  this  meth- 
od of  treatment.  Not  only  are  the  purely  dyspeptic  symptoms 
relieved,  but  there  is  great  improvement  in  sleep,  and  in  strength  of 
muscle  and  brain,  and  in  some  cases  very  marked  increase  in  weight. 
Relapses  are  not  unfrequent  in  this  disease,  especially  under  bad 
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hygienic  influences ;  but  are,  if  anything,  less  frequent  after  general 
electrization  than  after  many  other  methods  of  treatment.  //  is 
in  this  disease  that  the  general  impro7?ement  in  nutrition  and  conse- 
quent increase  in  weight  that  result  from  general  faradization  are 
most  frequently  observed. 

The  exceptional  cases  that  do  not  yield  at  all  to  general  electri- 
zation are  usually  in  the  aged,  or  are  of  very  long  standing,  or  are 
complicated  with  other  incurable  conditions. 

Of  the  75  cases  that  we  have  treated  in  which  nervous  d)rspep- 
sia  was  a  prominent  symptom —30  recovered  ;  14  approximately 
recovered  ;  18  were  greatly  benefited ;  6  slightly  benefited ;  3  were 
not  benefited ;  and  in  4  cases  the  results  are  unknown. 

Dyspepsia f  chronic  diarrhoea^  and  great  susceptibility  to.  diseases  oj  mucous 
membranes — Unusual  susceptibility  to  electrization — Important  imprcrc' 
ment  under  general  electrization. 

Case  109. — Mr.  U ,  aged  40,  consulted  us  Nov.  12, 1868.    All  his  life  the 

patient  had  been  feeble  and  had  suffered  for  years  from  dyspepsia.  His  system 
was  morbidly  impressible  to  injurious  influences.  He  was  somewhat  anaemic. 
General  faradization  was  tried  cautiously,  and  also  localized  faradization  through 
the  bowels  by  means  of  a  rectal  electrode. 

The  first  application,  though  gentle,  disturbed  his  sleep,  increased  his  ner- 
vousness, and  aggravated  all  his  symptoms.  It  was  found  to  be  necessary  to  use 
peculiar  caution  in  making  even  localized  applications. 

On  several  occasions  we  had  reason  to  know  from  the  sensations  of  the  pa- 
tient that  the  treatment,  though  unusually  short  and  mild,  was  yet  too  long  or 
too  severe  for  his  constitution.  This  susceptibility  was  the  more  striking  from 
the  fact  that  the  patient  retained  considerable  vigor,  and  was  able  to  walk  a 
reasonable  distance  and  to  engage  in  active  mental  employment. 

As  soon  as  we  bejanie  familiar  with  the  peculiarities  of  his  constitution  the 
patient  began  to  derive  positive  benefit,  and  no  longer  experienced  any  of  the 
unpleasant  reactive  effects. 

The  patient  left  us  after  a  month's  treatment,  greatly  improved. 

Dyspepsia  in  the  aged,  like  all  other  marked  conditions  of  the 
decline  of  life,  is  much  less  disposed  to  yield  to  electrization  than 
the  same  symptoms  in  the  young  or  middle-aged. 

Life-long  dyspepsia,  with  extraordinary  hypercesthesia  and  transference  of 

sensation — No  improvement. 

Case  no.— Rev.  Mr.  S ,  aged  61,  came  to  us  May  29,  1869,  giving  a 

peculiar  history.     Many  years  before  he  had  been  compelled  to  abandon  preach- 
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ing,  on  account  of  aggravated  dyspepsia,  complicated  with  distressing  symptoms 
in  the  head.  His  stomach  was  so  sensitive  that,  to  use  his  own  language,  "  it 
took  the  place  of  the  auditory  nerve,"  and  every  audible  or  perceptible  sound 
seemed  to  strike  against  the  epigastrium.  At  the  time  he  consulted  us  he  for 
some  time  had  been  acting  as  editor  of  two  prominent  magazines,  and  over-toil 
had  superinduced  an  exacerbation  of  his  dyspeptic  symptoms. 

Electric  exatnination  gave  no  special  indications  beyond  sensitiveness  in  the 
epigastrium.  General  faradization,  pretty  faithfully  tried,  availed  to  give  tem- 
porary but  not  permanent  results.  A  brief  application  to  the  head  caused, 
the  night  and  day  following,  very  disagreeable  sensations,  similar,  as  the  patient 
described  them,  to  those  of  delirium  tremens,  or  those  sometimes  experienced 
from  a  dose  of  hasheesh.    Galvanization, 'either  general  or  local,  was  not  tried. 

Dyspepsia^  with  nervousness — Improvement  under  general  faradization. 

Case  hi. — Mr.  S came  to  us  in  Nov.,  1866,  complaining  of  headache, 

ringing  in  the  head,  vertigo,  acidity  of  the  stomach,  with  distress  after  eating — 
in  short,  of  all  the  usual  symptoms  of  dyspepsia.  His  temperament  was  exceed- 
ingly nervous. 

We  told  him  that  the  treatment  would  be  protracted,  and  advised  him  to  re- 
ceive an  application  once  or  twice  a  week  at  least.  For  the  first  week  or  two 
there  was  no  very  marked  improvement,  although  he  said  he  always  felt  very 
much  exhilarated  after  each  application.  After  four  or  five  sittings,  the  change 
for  the  better  was  very  decided.  Not  only  were  his  dyspeptic  symptoms  re- 
lieved, but  his  general  nervousness  was  diminished. 

His  appetite  was  less  capricious  and  exacting.  Before  using  electricity  he 
had  felt  compelled  to  take  food  very  often  ;  he  was  now  content  with  three  meals 
daily.     When  we  last  saw  him  he  was  a  calmer  as  well  as  sturdier  man. 

Dyspepsia  of  many  years'^  standing — Great  improi'ement  under  general  fara- 
dization y  and  increase  in  weight  of  30  pounds. 

Case  112. — Mr.  T ,  a  bookseller,  aged  31,  stated  that  for  a  number  of 

years  he  had  suffered  from  chronic  dyspepsia,  which  had  rendered  his  life  miser- 
able. He  had  lost  much  in  flesh.  Although  5  ft.  8  ins.  in  height,  his  weight 
was  but  about  one  hundred  pounds.  He  complained  of  regurgitations  from  the 
stomach  of  an  intensely  sour  liquid,  and  on  rising  in  the  morning  he  was  often 
troubled  with  pyrosis.  Tympanitis  was  a  frequent  sjTnptom,  and  oftentimes  the 
accumulation  of  gas  within  the  stomach  embarrassed  the  respiration  and  dis- 
turbed the  action  of  the  heart.  Treatment  was  commenced  about  the  middle 
of  October,  1866,  and  continued  for  four  weeks,  general  faradization  being 
applied  three  times  each  week.  The  daily  regurgitations,  the  tympanitis  and 
pyrosis,  gradually  ceased  to  annoy  him ;  and  after  the  tenth  application,  he  in- 
formed us  that  during  the  month  he  had  increased  in  weight  some  fifteen  pounds. 

About  the  beginning  of  January,  1867,  he  called  upon  us,  stating  that  his 
health  was  excellent,  and  that  his  total  increase  in  wci;;'^,  iincc  he  first  com- 
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menced  treatment  by  electricity,  was  some  thirty  pounds.  He  said  that  he  did 
not  feel  that  his  digestive  organs  were  as  strong  as  they  had  been  before  he  was 
attacked  with  dyspepsia,  but  they  had  ceased  to  give  him  any  considerable 
annoyance. 

Nervous  dyspepsia^  associated  with  periodical  attacks  of  headache  and  vomiting 
— Approximate  recovery  and  rapid  increase  in  weight  follow  general fara^ 
dization. 

Case  113. — A  young  man  consulted  us  in  the  Fall  of  1866  for  a  persistent 
form  of  nervous  dyspepsia. 

He  was  of  a  weak  nervous  organization,  and  presented  a  remarkably  anac> 
jixc  and  emaciated  appearance.  Every  month  or  six  weeks  he  was  prostrated 
by  a  severe  attack  of  headache  and  vomiting,  from  the  effects  of  which  he 
would  not  recover  for  several  days.  In  administering  a  general  i^pplication  of 
the  faradic  current,  it  was  found  that  the  liver  was  relatively  the  most  sensitive 
to  its  influence.  So  exhausting  was  the  sensation  produced  by  the  electricity 
in  this  organ,  that  very  decided  symptoms  of  faintness  followed.  He  soon 
rallied  from  its  effects,  and  when  he  visited  us  two  days  subsequently,  he  ex- 
pressed himself  as  having  experienced  very  marked  and  grateful  relief.  At  each 
sitting  he  was  able  to  bear  a  more  intense  current  over  the  digestive  oigans 
and  body  generally.  The  beneficial  effects  of  the  applications  were  soon  mani- 
fest by  a  more  natural  and  lively  appetite,  relief  of  constipation,  by  greatly 
increased  vigor  of  mind  and  body,  and  by  the  non-recurrence  of  his  usual 
paroxysm  of  headache  and  vomiting.  The  first  application  was  given  October 
24,  and  the  fifteenth  and  last  in  the  early  part  of  December.  Diuring  the 
treatment  the  weight  of  this  patient  increased  from  106  to  115. 

A  large  number  of  cases  of  nervous  dyspepsia  will  be  found 
under  hysteria,  hypochondriasis,  anaemia,  and  neuralgia  and 
paralysis. 

Nervous  Constipation,  Chronic  Diarrhoea,  and  Jaundice. — Con- 
stipation, associated  with  and  constituting  a  part  of  nervous  dys- 
pepsia, is,  like  dyspepsia,  disposed  to  yield  rapidly,  and  often 
permanently,  to  general  electrization,  even  when  no  special  at- 
tention is  given  to  the  lower  part  of  the  back  or  the  abdomen. 
This  is  the  form  of  constipation  that  is  most  prevalent.  Next  to 
insomnia,  it  is  the  symptom  first  to  yield,  even  though  there  may 
be  subsequent  relapse.  Very  many  of  the  cases  related  under 
dyspepsia,  hypochondriasis,  hysteria,  and  nervous  exhaustion, 
were  to  a  greater  or  less  extent  troubled  with  constipation,  even 
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when  this  symptom  was  not  specified ;  and  in  the  majority  of 
cases  there  was  important  relief. 

The  relief  is  sometimes  merely  temporary ;  relapses  are  most 
likdy  to  occur  in  those  cases  that  are  of  a  hereditary,  or  at  least 
life-long  character. 

It  not  unfrequently  happens  that  a  strong  application  is  fol- 
lowed the  next,  or  even  the  same  day  by  a  freer  alvine  discharge 
than  usual.  Constipation,  much  more  frequently  than  is  supposed, 
depends  on  an  irritable,  exhausted,  or  congested  condition  of  the 
spinal  cord.  That  myelitis  and  the  more  serious  lesions  of  the 
spinal  cord  are  accompanied  by  a  deranged  condition  of  the  bow- 
els, either  constipation  or  diarrhoea,  is  fully  recognized ;  it  is  not, 
however,  so  well  understood  that  spinal  irritation,  even  in  its 
milder  degrees,  may  have  constipation  for  one  of  its  symptoms, 
and  that  this  symptom  will  disapj^ear  with  the  removal  of  the  cause, 
by  treatment  directed  to  the  spine.  For  those  cases  that  result 
from  incurable  disease  of  the  brain  or  spinal  cord,  only  temporary 
relief  can  be  obtained.  In  such  cases  relapse  usually  occurs  as 
soon  as  the  treatment  is  discontinued. 

Electrization  may  therefore  be  said  to  relieve  constipation  in 
several  different  ways  : — 

1.  By  its  general  tonic  effects  on  the  system  at  large,  on  the 
same  principle  that  it  relieves  nervous  dyspepsia. 

2.  By  its  tonic  effects  on  the  central  nervous  system,  and  es- 
pecially on  the  spinal  cord.  On  account  of  the  fact  that  very 
many  cases  of  constipation  depend  on  a  morbid  condition  of 
the  cord,  special  attention  should  be  given  to  the  spine,  what- 
ever may  be  the  method  of  electrization  employed. 

3.  By  its  direct  effects  on  the  organs  of  digestion.  The  me- 
chanical action  of  the  faradic  current  especially  gives  tone  to  the 
stomach,  liver,  and  intestines,  markedly  increases  the  hepatic  and 
intestinal  secretions,  and  aids  the  peristaltic  action  of  the  intes- 
tines. 

Prognosis, — Constipation  is  so  frequently  associated  with  other 

symptoms,  that  the  majority  of  cases  are  registered  under  other 

diseases,  as  dyspepsia,  hysteria,  etc. 

Of  14  cases  that  we  have  classified  under  this  disease,  6  re- 
21 
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covered,  3  approximately  recovered,  3  were  decidedly  benefited, 
2  were  slightly  benefited,  and  in  one  caso  the  result  is  un- 
known. 

(Cases  of  constipation  will  be  found  under  dyspepsia,  neuras- 
thenia, hysteria,  and  paralysis.) 

In  regurgitation  the  prognpsis  appears  to  be  very  encouraging. 
In  jaundice  the  results  of  our  limited  experience  have  been  more 
favorable  than  the  reverse.  In  chronic  diarrhxa  we  have  suc- 
ceeded in  three  striking  instances. 

The  treatment  of  all  of  these  conditions  is  worthy  of  far  more 
attention  than  it  has  thus  far  received  from  electro-therapeutists. 
In  the  hands  of  the  laity  many  of  these  symptoms  have  been 
treated  by  faradization,  with  various  results,  for  many  years. 

H{ibitual  constipation  for  fifteen  years — No  permanent  benefit  from  nUdica* 
tton — Rapid  improvement  under  general  faradization — Relapse, 

Case  114. — Mr.  N.,  aged  30,  a  printer  employed  in  the  office  of  the  -A^.  K 
Timesy  was  sent  to  us  by  Dr.  St.  John  Roosa.  For  fifteen  years  he  had  suf- 
fered from  constipation.  So  persistent  were  the  symptoms,  that  neither  well- 
directed  medication  nor  such  hygienic  measures  as  he  could  command  were  of 
any  avail 

The  appetite  was  good,  and  the  sleep  moderately  sound  and  refreshing. 
The  patient  complained  of  a  sense  of  weight  or  oppression  in  the  abdomen,  of 
flatulence,  and  occasionally  of  a  slight  feeling  of  nausea. 

The  evacuations  often  came  away  in  knotty  lumps,  after  much  straining  and 
an  Anpleasant  distention  of  the  anus.  As  a  consequence  of  this  torpor  or 
want  of  susceptibility  of  the  intestines,  his  health  had  become  considerably 
impaired.  He  complained  of  a  general  feeling  of  malaise  and  a  disinclination 
to  engage  in  any  active  effort.  Above  all,  however,  he  suffered  continually 
from  most  painful  mental  depression.  The  monotony  and  confinement  of  his 
occupation,  together  with  the  unnatural  method  of  life  of  working  at  night 
and  sleeping  during  the  day,  doubtless  served  to  aggravate  the  character  of  his 
disorder.  He  received  only  three  applications  of  the  faradic  current,  which 
resulted  in  an  extraordinary  improvement  in  his  general  symptoms.  After  the 
first  s<?ance  the  bowels  moved  freely,  and  continued  to  do  so  every  day  while  he 
visited  us  He  was  completely  relieved  of  his  mental  and  physical  depression, 
and  in  every  respect  was  more  vigorous  than  for  many  years  before. 

The  bowels  continued  regular  for  several  months,  when  the  old  symptoms 
gradually  returned.  The  patient  again  applied  to  us  for  treatment,  and  was 
relieved  as  effectually  as  before.  We  have  heard  nothing  more  concerning 
him,  and  are  hopeful  that  he  was  more  permanently  benefited. 
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Life -long  constipation — Apparent  recovery  under  general  faradization. 

Case  115.  —  Another  case  sent  by  Dr.  Roosa  presented  symptoms  similar 
to  the  first.  So  long  as  the  patient  could  remember,  his  bowels  had  uniformly 
acted  in  a  sluggish  manner.  He  seldom  had  a  passage  oftener  than  once  in 
two  days,  and  frequently  a  week  would  intervene  from  one  evacuation  to  the 
next.  As  in  the  former  case,  the  stools  were  hard  and  scanty,  but  the  general 
health  was  not  impaired  to  the  same  extent.  As  a  rule,  his  spirits  were  mod- 
erately buoyant,  the  apj)etite  good,  and  the  sleep  refreshing.  He  complained 
but  little  of  any  unpleasant  symptoms,  with  the  exception  of  an  unusual  dry- 
ness of  the  fauces  and  a  disagreeable  taste  in  the  mouth. 

The  first  general  application  of  the  faradic  current  was  given  October  24th, 
1S67,  and  resulted  during  the  day  in  an  evacuation  every  way  more  easy  and 
natural  than  usuaL  After  the  fifth  seance  his  stools  became  quite  liquid  and 
frequent.  This  condition  was,  however,  remedied  by  omitting  the  applications 
for  a  few  days. 

He  visited  us  subsequently  but  two  or  three  times,  when  he  discontinued 
treatment,  having,  as  far  as  we  could  judge,  experienced  perfect  reliel 

Habitual  constipation — Numbness  of  right  arm — Improvement  under  general 

faradization — Relapses. 

Case  116. — A  well-known  dentist  of  this  city  complained  that  his  bowels 
were  in  a  very  torpid  condition,  and  that  for  the  space  of  a  year  he  rarely  if 
ever  had  a  free  and  satisfactory  movement  without  the  aid  of  laxatives  or  injec- 
tions. 

He  was  annoyed  also  by  a  considerable  numbness  of  the  right  arm,  and  this 
condition  was  invariably  aggravated  whenever  the  constipation  was  more  per- 
sistent than  usual.  After  being  treated  most  thoroughly,  and  with  a  current 
of  great  power  on  three  different  occasions  (during  this  time  taking  neither 
laxatives  nor  injections),  a  free  and  natural  movement  of  the  bowels  followed. 
The  anaesthesia  of  the  arm  was  somewhat  alleviated  by  the  first  and  second 
application,  but  was  almost  entirely  relieved  after  the  free  evacuation.  The 
constipation  in  the  case  of  this  gentleman  was  by  no  means  permanently 
cured. 

The  old  condition  returned  in  a  few  weeks,  but  was  less  aggravating  in 
character. 

Two  applications  relieved  the  patient  as  before.  From  time  to  time  he  finds 
the  electric  treatment  advantageous,  and  although  the  relief  afforded  is  not  com- 
plete and  permanent,  yet  in  comparison  with  his  former  condition  he  suffers 
but  little  annoyance. 

In  some  cases  of  very  obstinate  constipation  it  is  of  advantage 
to  localize  the  current  by  internal  applications.  This  may  be 
accomplished  by  means  of  a  rectal  electrode  (Figs.   72  and  73). 
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the  tip. 


iilated,  or  insulated  up  to  a  point  near 
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A  very  yiowerful  current  may  be 
bonie  in  the  rectum  without  discom- 
fort. The  otlier  pole  may  be  applied 
at  different  points  over  the  abdomen. 
lUus  (Invagination). — ^Aldiaus  re- 
ports two  cases  where  iwwertUi  fara- 
dizaiion  availed  to  cure  constipation 
when  the  ordinary  remedies  had  been 
tried  in  vain.  The  negative  pole  was 
api^ied  to  the  spine,  and  the  positive 
passed  over  the  abdomen  in  the  region 
of  the  large  intestine.  In  three  min- 
utes a  very  abundant  evacuation  ap- 
peared. 

The  second  case  was  severe,  bufj 
not  as  long  standing  as  the  othi 
The  patient  passed  much  blood 
stool,  and  was  fast  becoming  exhaust'^ 
ed.  The  same  application  brought 
relief,  though  not  so  speedily  as  in  the 
preceding 

Dr.  Clemens,  of  Frankfort,  stateS' 
thai  he  has  successfully  treated 
vagination  by  first  administering  oat- 
table  spoonfuls  of  metallic 
mercury,  which  settled  down  to  the  seat  of  the  invagination. 
The  negative  electrode  was  applied  over  the  supjwsed  seat  of  the 
disease,  anil    the    positive  in  the  rectum.     Voltaic    allcrnalives 


m 


Fig.  73. 


Fig.  7j. 


CAronii  diarrhaa  o/iix  msnihi'  standing.  assotiattJ  i«ith  grHiral  nenra/gtKrt 
— Marked  liHdtriten  arer  Ihf  Iransvirse  colon —  Trtatfd  by  general  fara^  J 
tation,  with  ipetial  re/ertncc  to  the  lender  iffi~~Rttm'try  in  three  vi 
L'ASE  117. — A  lady,  aged  35,  applied  for  trcalinenl  bcinii&c  of  > 

sufreti«d  excessively.     Tlic  fatadic  c 
*  Aittuius,  op.  cil..  p.  60]. 
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was  applied  over  the  whole  body,  and  produced  no  discomfort,  excepting  when 
it  was  sent  through  a  certaui  part  of  the  intestinal  tract. 

This  tender  spot  was  located  on  the  right  side,  directly  over  the  transverse 
colon.  Over  no  other  portion  of  the  abdomen  was  she  at  all  sensitive  to  the 
electricity,  but  at  this  point  a  very  moderate  current  produced  a  disagreeable, 
sharp,  burning  pain,  similar  to  that  caused  by  making  the  application  to  a  raw 
surface.  Upon  inquiry,  the  ])atient  stated  that  for  six  months  she  had  been 
annoyed  by  a  diarrhoea,  which  persisted  in  spite  of  persevering  and  judicious 
medication.  She  was  obliged  to  exercise  the  utmost  caution  in  her  diet,  for 
the  least  indiscretion  in  eating  was  certain  to  aggravate  her  disorder. 

We  now  directed  the  applications  more  especially  to  this  tender  spot,  and 
soon  observed  some  amelioration  of  her  diarrhccal  symptoms.  The  stools 
assumed  a  firmer  consistency  and  a  more  healthy  color,  and  in  proportion  as 
she  improved  in  these  respects  the  tender  spot  became  less  sensitive  to  the  in- 
fluences of  the  electric  current.  Eight  applications,  extended  over  a  period 
of  three  weeks,  resulted  in  complete  recovery. 

Diarrkaa  of  several  mont hi  standing  in  a  lad  of  12  years ^  caused  by  exposure 
to  cold — Recoz'cry  under  ten  general  faradizations — Increase  in  weight. 

Case  118. — J.  W.,  aged  twelve  years,  was  annoyed  by  an  excessive  looseness 
of  the  bowels,  which  had  persisted  for  several  months  in  spite  of  every  form  of 
medication  that  had  l)ecn  tried.  He  was  of  a  delicate  constitution,  but  until 
this  attack  of  diarrhoea  he  had  always  enjoyed  a  good  degree  of  health.  His 
mother  attributed  his  disorder  to  exposure  during  a  cold,  damp  day,  at  a  time 
when  his  system  was  a  little  below  par  from  too  close  confinement  in  the  school- 
room. 

A  moderate  amount  of  food  caused  no  discomfort,  but  his  power  of  assimi- 
lation was  considerably  impaired,  as  shown  by  the  great  quantity  of  aliment 
that  passed  his  bowels  daily.  Ordinarily  he  had  five  or  six  evacuations  during 
the  twenty-four  hours ;  but  if  he  indulged  to  any  extent  in  athletic  exercises  the 
symptoms  became  more  urgent. 

On  one  occasion,  after  indulging  for  an  hour  in  a  game  of  ball,  he  was 
annoyed  during  the  night  by  nearly  a  dozen  evacuations,  which  were  attended 
with  considerable  pain.  As  might  be  inferred,  this  constant  drain  upon  his  sys- 
tem had  still  further  decreased  his  limited  stock  of  vitality,  and  he  had  lost  with- 
in three  months  some  twelve  pounds  in  weight. 

The  first  four  applications  worked  no  important  change  in  his  general  con- 
dition. 

After  the  fifth  visit  there  were  manifest  signs  of  improvement.  During  the 
twenty-four  hours  following  he  was  compelled  to  evacuate  his  bowels  but  three 
times,  instead  of  five  or  six.  The  improvement  continued  after  each  subse- 
quent application,  until  the  number  of  passages  was  reduced  to  one  daily.  The 
f^^:es  were  of  a  firm  consistency  and  unmixed  with  undigested  food.     The  evac- 
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itioivi  cauieil  I1U  sullerlng,  wvi,  more  tlian  alt,  he  had  gained  nearly  six  ponnclt 
I  wdghl.     lie  coulii  imlulnE  in  all  the  ordinary  sports  of  his  sthool-tellovri 
lllluul  any  evil  toiiici|ucncei  folloning. 
'i'he  |in.lii-nt  wn*  unrlet  Iriialnient  nearly  a  month,  and  llie  number  of  ippli- 


t'Ai-L'iiir  ili.iirhait  with  exussivt paiiu  in  back  and  aidemitt — Gnat  detility 
— '  ''1''  A''  ■"'  ii'tTiniemeitl  /rem  gttieral  eleetrhatiou. 

UAat  119,  — Mi«  I.,  a  bdy  30  years  of  age,  was  referred  to  us  by  Prof.  J.  T. 
Mettalfc,  Utt.  21.  iS6g,  to  lie  treated  for  chronicdiarrhoca  of  four  years'  stand- 
ing, altcrnalcil  wilh  siune  aiiicmii  and  muscular  weakness.  The  dischargca, 
sometimes  H:vL:tal  daily,  were  frequently  followed  by  severe  pain.  Debility  was 
so  exueuiv^  that  she  was  over-fatigued  by  a  waJk  of  a  quarter  of  a  mile.  Hei 
appetite  wa<i  ca]iricioU!i  and  digestion  imperfect,  and  the  condition  of  her  bowels 
made  netessary  coiistsnt  caution.  The  patient  referred  licr  difficulties  to 
eKhauitiiin  caused  by  attendanee  on  an  invalid  sister. 

Elcclric  evaniinaUini  rcToaled  a  marked  tenderness  over  Ibc  transverse  colon. 

The  palicnl  was  treated  liy  general  faradkalion,  at  first  cautiously,  but  soon 
as  she  pruvel  able  to  bear  it,  with  greater  freedom,  by  intervals,  for  three 
months,  the  ap|ilii:aiiiin^  being  made  every  other  day.  Improvement  began 
early,  and  iij  iiurcli  was  continuous  and  mostly  uniform.  The  discharges  were 
yi.iiUinlly  rtduccJ  in  frtfiuency,  with  relief  of  the  accompanying  pain,  though 
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Gastralgia  of  six  months^  standings  with  jaundice ^Rapid  and  permanent 
recovery  under  general  and  localized  faradization. 

Case  12a — Miss  W.,  aged  47,  had  for  six  months  suffered  from  most  violent 
attacks  of  gastralgia,  accompanied  by  yellowness  of  the  skin  and  conjunctiva 
that  had  become  a  fixed  condition.  All  her  mature  life  she  had  been  a  sufferer 
from  dyspepsia,  and  more  recently  had  been  annoyed  by  chronic  diarrhoea.  A 
residence  in  the  South  the  winter  previous  seemed  to  have  still  further  deranged 
the  digestive  organs,  and  when  she  returned  North  in  June,  1869,  she  was  suffer- 
ing attacks  of  gastralgia  of  the  most  violent  and  excruciating  form,  one,  two, 
and  three  times  weekly.  These  repeated  attacks  had  reduced  her  naturally 
feeble  strength,  and  perceptibly  impaired  nutrition.  Her  stomach  was  so  exces- 
sively sensitive  that  only  the  lightest  and  most  delicate  articles  could  be  borne. 
Even  very  moderate  quantities  of  meat  or  bread,  slowly  eaten,  would  bring  on 
an  attack.  Withal  there  was  painful  restlessness,  insomnia,  and  slight  tingling 
and  numbness  in  the  hands. 

Medication  of  various  kinds  had  failed  to  afford  any  positive  relief,  and  when 
we  saw  the  patient,  Jan.  i,  1870,  she  had  been  for  three  weeks  bed-ridden,  and 
was  apparently  growing  weaker  every  day. 

Electric  examination  revealed  a  very  imusual  anaesthesia  of  the  liver  ;  the 
whole  power  of  Kidder's  macliine,  when  localized  through  the  right  hypochon- 
drial  region,  was  not  painful,  and  a  current  of  moderate  strength  was  scarcely 
felt.  There  was,  moreover,  a  general  anaesthetic  condition  of  the  system,  since, 
though  a  very  nervous  patient,  she  could  even  then  bear  more  than  a  majority 
of  persons  of  health.     The  stools  were  of  a  clay  color. 

The  treatment  employed  was  general  and  localized  faradization,  sometimes 
alternately  at  each  application.  As  the  patient  was  too  weak  to  sit  up,  the 
applications  were  given  in  bed,  but  were  not  made  with  thoroughness,  being 
chiefly  directed  to  the  trunk,  and  especially  to  the  liver,  solar  plexus,  spine, 
and  cervical  sympathetic. 

The  first  application,  which  was  given  in  the  evening,  was  followed  by  a  better 
night's  rest  than  usual ;  but  the  day  following  the  patient  was  annoyed  by  a 
peculiar  sensation  through  all  the  nerve-tracks  of  the  extremities — to  use  her 
own  expression,  she  ''*  felt  the  electricity  all  through  her,^^  (This  phenome- 
non is  not  infre(]uently  observed  in  nervous  patients,  after  powerful  applica- 
tions.) Two  days  subsequent  to  the  application  a  slight  attack  of  gastralgia 
came  on,  which  was  in  time  relieved.  //  was  her  last  attack.  She  was 
allowed  an  interval  of  rest  for  five  days,  when  the  applications  were  renewed 
for  two  successive  evenings,  and  each  time  with  an  increased  strength  of  cur- 
rent, and  so  on  for  four  weeks.  By  February  i  (he  patient  was  able  to  sit  up 
a  good  part  of  the  day.  The  symptom  first  to  yield  u-as  insomnia^  next  the 
attacks  of  gastralgia^  then  the  indigestion  and  gastric  irritability^  and 
finally  the  skin  and  conjunctiva  resumed  their  natural  color. 

By   Feb.   15th,    the  patient   could  eat  without   annoyance  nearly  all   the 
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ordinuy  utldci,  uid  wils  able  to  resume  her  daily  duties.     The  bowels,  which   | 

durmg  her   illness  had  been  conslipaleil,  become  lnoiie,  with  Itvo  discha^es 
daily,  and  the  iitools  were  of  a  Datural  color. 

The  case  presented  some  peculiarities,  which  were  not,  how- 
ever, unprecedented.  One  was  her  ability  to  bear  such  powerful  J 
applications  in  al!  parts  of  the  body,  even  over  the  irritable  I 
stomach;  another  feature  was  the  indescribable  sensitiveness f 
through  the  extremities  for  a  day  or  two  following  the  applied'  I 
llop;.  At  the  dale  of  writing  the  patient  continues  well.  TheJ 
Cgse  is  remarkable  not  so  much  fgr  the  permanency  of  the  ] 
recovery  as  for  its  rapidity. 


yaundiee — No  impre 


t   afltr  persistiHI   mi  0/  gitieral  and  lacolittd 


Case  izi. — Mr.  A.,  aged  48,  cou&ulled  lu  in  May,  1SC7,  for  the  relief  of 

jaundice,  tbat  bad  cume  on  gradually  and  without  any  other  symploln  except 
some  heaviness  and  depression.  The  patient  was  of  a  strong  frame,  and  hit 
health  had  usually  been  eicellent.  - 

There  was   no  indication  of  enlargement  or  other  organic  disease  of  the  J 

Treatment  by  general  and  localised  faradiialion  was  persevetin^y  and  vari-  ^ 
ouity  employed,  without  any  result.      The  patient  subsequently  recovered  under 
IBlemal  medication. 


of  jaundice  ;  of  these  5  recovered, 


We  have  records  of  6  c 
and  I  was  not  benefited. 

REGURGITATION   AND   VOMITING. 

For  those  cases  of  vomiting  that  are  of  an  obviously  nervous 
character,  galvanization  of  the  sympathetic  and  pneuniogastric, 
or  strong  faradization  through  the  stomach,  is  sometimes  of  iiU' 
portant  service.  Successful  results  have  been  obtained  by  Pep- 
per and  Bricheteau.  The  latter  treated  with  success  three 
,  cases  of  vomiting  of  pregnancy.  His  method  of  application  was  I 
to  place  the  electrodes  on  the  epigastrium  at  the  commence- 
ment, middle,  and  close  of  the  meal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  ] 
a  variety  of  methods :  galvanization  of  the  sympathetic  and  ' 
vagus,  and  of  the  spine,  faradization  through  the  stomach  with  a  , 
strong  stable  current,  and  general  electrization. 
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FLATULENCE. 

r 

Flatulence  is  a  symptom  of  disorder  of  the  digestive  organs 
that  very  readily  yields  to  electrical  treatment.  It  demands  the 
same  treatment  as  dyspepsia  and  constipation.  Those  very  fre- 
quent cases  that  depend  on  spinal  irritation  and  congestion,  and 
on  hysteria,  need  central  galvanization  or  general  faradization ; 
cases  that  depend  on  an  attack  of  acute  indigestion  may  be 
advantageously  treated  by  internal  applications,  one  pole  be- 
ing applied  to  the  rectum  by  the  rectal  electrode,  and  the 
other  to  the  spine  or  abdomen. 

Flatulence  was  a  symptom  in  very  many  of  our  cases  of  dys- 
pepsia, hysteria,  and  spinal  irritation,  and  almost  uniformly  it 
temporarily  or  permanently  yielded. 

SEA-SICKNESS. 

In  October,  1869,  Mr.  Le  Coniat,  a  French  surgeon,  pre- 
sented a  method  of  treating  sea-sickness,  before  the  New  York 
Medical  Journal  Association.  Subsequently  a  detailed  account  of 
the  method  was  published  by  Dr.  Dwindle,*  who  had  experi- 
enced the  good  effects  of  the  treatment  on  his  own  person  in  a 
passage  across  the  Atlantic. 

His  method  was  to  first  apply  a  quantity  of  solution  of  atropine 
— one  grain  to  the  ounce — to  the  epigastrium,  then  to  apply  a  flat 
disk,  connected  with  a  faradic  apparatus,  over  the  pyloric  ex- 
tremity of  the  stomach,  while  a  moistened  sponge  connected  with 
the  positive  pole  was  passed  over  the  surface,  from  the  cardiac  to 
the  pyloric  orifice. 

Vigorous  contractions  of  the  muscles  appeared  during  the 
applications,  which  were  followed  by  agreeable  repose. 

Le  Coniat  claims  to  cure  by  this  method  90  per  cent,  of  his 
cases. 

The  statements  made  by  Coniat  and  Dwindle  lose  much  of  their 
scientific  as  well  as  of  their  practical  value,  from  the  fact  that  the 
atropine  was  combined  with  the  faradization. 

There  is  little  doubt  that  the  passage  of  the  electric  currents 
through  the  body  facilitates   the  absorption  of  liquids;   placed 

♦  New  York  Medical  Journal,  1869,  p.  390. 
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Ifcncaih  the  cle>'-ir<xlt;»  ;  inofeorer,  it  is  veQ  knovD  that  the  skin 
ii  LdpiTile  of  aL/soitiin;^  liquids  witfaoat  the  aid  of  die  electric 
currents.      TTie  quenching  of  thirst  bj  bathing  ts  a  very  ^miliar 

illitilraiiiin. 

'ITien  again,  atropine  is  a  reinedjso  powerful  that  ^-Jr  <"^  "'*" 
j^j  of  a  grain  is  sufficient  to  powerfully  affect  the  nenoas 
syvltrm,  when  ailuiini tiered  hvpodermicallv-  Furtheitnore,  il  is  a 
remedy  for  sta-sickness  and  sick-headache,  as  has  been  Aown  by 
experiments  of  uur5e!\es  and  others  who  have  employed  hi-po- 
dermic  injections  of  this  remedy  combined  with  morphine.  A 
dose  containing  y^,,,  of  a  grain  of  atropine  and  ^  of  a  grain  of 
morphine  is  sufticieni  in  certain  cases  to  relieve  the  nausea  and 
vomitiny.  ^nd  ]ircjduce  sleep — the  same  effects  that  are  produced 
tiy  the  o|K-ra(i(jn  of  Le  Coniat. 

Ktom  all  ihese  considerations,  taken  in  connection  with  the  fur- 
ther consideration  that  sea-sickness  is  probablynot  a  disease  of  the 
stomach  alone,  but  of  the  central  nervous  system,  of  which  the 
nausea  and  vomiting  are  frequent  but  by  no  means  necessarj- 
symptoms,  v/n  are  strongly  inclined  to  the  belief  that  the  results 
obtained  by  I.e  Coniat's  procedure  could  have  been  obtained 
with  rnu(h  less  dlHiiully  by  hypodermic  injections  of  atropine. 


CHAPTER  XXIX. 

DISEASES    OF   WOMEN. 

The  diseases  of  female  sexual  organs  for  which  electrization  has 

been  proved  to  be  of  service  are  chiefly  those  of  a  functional 

character,  as  amenorrheas  dysmenorrhaa,  menorrhagia^  although 

some  important  results  have  been  claimed  by  a  few  in  chronic  in- 

flammation^  enlargements ^  and  in  displacements  of  the  uterus. 

AMENORRHCEA,     DYSMENORRHCEA,     MENORRHAGIA,     AND      LEUCOR- 

RHCEA. 

These  symptoms  of  disease  are  of  course  most  amenable  to  elec- 
trization when  they  are  not  dependent  on  any  severe  or  incurable 
pathological  condition,  but  are  merely  indications  of  functional 
derangement.  The  inconsistency  and  uncertainty  of  the  results 
of  the  treatment  of  these  symptoms  by  electricity  is  entirely  ex- 
plicable to  all  who  are  conversant  with  uterine  pathology ;  cases 
that  are  indiscriminately  treated  by  any  method  must,  of  course, 
result  in  a  manner  at  once  inconsistent,  and  frequently  very  dis 
appointing. 

Furthermore  it  should  be  considered  that,  as  the  ablest  gynaeco- 
logists are  forced  to  admit,  the  diagnosis  "  functional,"  as  applied 
to  diseases  of  the  female  sexual  organs  especially,  simply  means 
that  there  are  no  recognizable  local  pathological  lesions  that  will 
account  for  the  symptoms.  Of  necessity,  therefore,  many  of  the 
cases  that  are  classed  under  this  head  must  be  and  are  of  a  widely 
diverse  character.  To  expect  uniform  results  in  such  cases,  or  to 
be  disappointed  by  failure  even  in  symptoms  that  seem  particu- 
larly adapted  for  electrical  treatment,  is  in  the  highest  degree 
unreasonable. 

While  these  remarks  are  true  of  all  the  so-called  functional  dis- 
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eases  of  all  parts  of  the  body,  they  ap]i!y  with  special  force 
diseases  of  women. 

Treatment  of  Diseases  of  the  Uterus. — Local,  central,  and  gem 
treatment  may  be  employed.     The  local  treatment  maybe 
external  or  internal. 

External  Method.^-'E.yAem'aWy,  the  uterus  and  its  appendagi 
may  be  electrized  by  placing  one  pole  with  firm  pressure  over  the 
hypogastric  region,  and  the  other  over  the  lumbar  region  of  thi 
spine. 


Fio.  74.— Karadikation  ok  the  UitKus — One  of  the  pole* Ls I 
with  a  bifuicaled  electrode,  une  btatich  of  which  Li  placed  on  ihe  lumbar,  and  ll 
otlitt  on  the  hypogablric  legioD.  The  other  pole  is  applied  in  the  cervix  (of 
U  tbt  w)  by  an  insulated  uterine  elect  roile.  (Thenormil  po&iLionof 
is  nftei  Wieland  and  Dubrisay.) 

This  method  is  sometimes  as  effective  as  internal  applicalio 
and,  in  virgins  at  least,  should  always  be  tried  at  first, 
method  benefit  is  derived  partly  from  the  effect  of  the  current  0 
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the  lower  part  of  the  spinal  cord  and  the  abdominal  ganglia  of 
the  sympathetic. 

Internal  Method. — Electric  currents  may  be  localized  in  the 
female  organs  of  generation  in  a  variety  of  ways.  One  pole  may 
be  applied  to  the  os  by  means  of  an  insulated  electrode  with  a 
metallic  bulb  (Fig.  76),  while  the  other,  with  a  broad  electrode, 
is  applied  to  the  back,  or  on  the  hypogastric  region,  or  over  one  of 
the  ovaries.  Instead  of  a  metallic  bulb 
the  uterine  electrode  may  be  composed 
of  branches  to  clasp  the  cervix.  A  much 
stronger  current  can  be  borne  at  the  cer- 
vix than  would  be  supposed. 

A  method  of  faradizing  the  uterus  is 
represented    in    the   accompanying   cut 

(tig.  74). 

For  intrauterine  faradization  we  have 
devised  an  intra-uterine  electrode  which 
is  represented  in  the  cut.     The  basis  of 
the  instrument  is  similar  to  Sims'  sound. 
This   is   insulated  with   varnish    up    to 
within  three  inches  of  the  extremity  ;  the 
handle  is  of  hard  rubber,  and  is  provided 
with  a  hole  and  screw  for  fastening  the 
connecting  wire  of  the  apparatus,  and  a 
button  connected  with  a  spring  by  means 
of  which  the  connection  of  the  current 
can  be  made  or  broken  at  pleasure.    The 
manifest  advantages  of  the  interrupter, 
which  is  similar  to  that  of  the  universal 
electrode  holder  (Fig.  35,  p.  138),  is  that  it 
dispenses  with  the  necessity  of  waiting 
until  the  instrument  is  in  situ  before  con- 
necting it  with  the  apparatus,  and  that  it 
makes  it  convenient  to  give  rapid  inter- 
ruptions and  to  instantaneously  suspend 
the  treatment  when  re(iuired. 

When  properly  euryec),  this  electrode  maybe  used  for  the  larynx. 


Fig.  76. 

Uterine 
Electrode- 


Fig.  7$. 

Intra-Uterine 
Electrode- 
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\'v^.  77  repreienls  the  dovble  uterine  tUctrede  of  Duchenne.* 
This  ii  compo^'il  of  two  plates,  connected  with  flexible  wires, 
whi'li  i^s-s  through  a  M>und.  but  are  insulated  from  each  other. 
On  |ni>hing  in  >iightly  the  wires  at  the  point  where  the  con- 
neciioTi  vriih  the  nj'imatus  is  made,  the  poles  separate  as  in 
Pi&  77-  '^"  again  drawing  them  in,  they  close  as  in  Fig. 
78.  I'hi!  inBTiiimtnt.  which  is  the  same  in  principle  as  the 
•U"iNi  r.j.-.-.i/  rhctri'de.  is  introduced  while  closed  as  in  Fig.  78, 
and  opened  so  as  to  clasp  the 
neck  of  the  uterus.  One  of  the 
insulated  wires  is  connected  with 
the  positive  and  the  other  with 
the  negative  electrode.  By  this 
means  the  current  is  very  closely 
localized  in  the  neck  of  the  ute- 
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more  of  the  pain  beneath  the  electrode  which  is  applied  on  the 
back  or  abdomen,  even  when  the  negative,  which  is  the  stronger 
and  more  painful,  is  applied  internally. 

Tripier,*  who  has  carefully  studied  the  subject  of  localized  fara- 
dization of  the  uterus,  is  accustomed  to  place  one  pole  in  the 
bladder  by  means  of  a  vesical  insulated  electrode,  or  in  the  rec- 
tum by  a  rectal  electrode. 

In  some  cases  he  connects  one  of  the  poles  with  a  bifurcated 
electrode,  a  branch  of  which  is  placed  on  each  iliac  region,  while 
the  negative  pole  is  connected  with  an  insulated  rectal  electrode  in 
the  rectum. 

Recapitulation  of  method  of  localized  electrization  of  the  uter- 
us and  its  appendages  : — 

1.  Externally ;  one  pole  over  the  abdomen  and  the  other  on  the 
lower  part  of  the  spine. 

2.  One  pole  in  the  rectum  by  means  of  an  insulated  rectal  elec- 
trode, and  the  other  over  the  abdomen,  or  connected  with  a  bi- 
furcated electrode,  a  branch  of  which  is  placed  over  the  ovaries. 

3.  One  pole  is  applied  to  the  neck  of  the  uterus  by  means  of  a 
uterine  electrode,  or  in  the  cervix,  or  in  the  uterus  by  means  of  an 
intrauterine  electrode,  while  the  other  is  applied  {a)  to  the  abdo- 
men, {b)  at  the  lumbar  region  of  the  spine,  {c)  at  the  abdomen  and 
at  the  lumbar  region  of  the  spine  by  means  of  a  bifurcated  elec- 
trode, {d)  in  the  bladder  by  means  of  a  vesical  insulated  electrode, 
(e)  in  the  rectum  by  means  of  an  insulated  rectal  electrode,  (/)  in 
both  the  bladder  and  rectinn  by  means  of  bifurcated  conducting 
wires  connected  with  the  insulated  vesical  and  rectal  electrodes. 

4.  One  pole  is  applied  in  the  rectum  by  means  of  an  insulated 
rectal  electrode,  and  the  other  pole  in  the  bladder  by  means  of  an 
insulated  vesical  electrode. 

In  all  these  methods  of  applieation  either  direction  of  the  current 
may  be  used.  As  a  rule  it  is  best  to  apply  the  negative  at  the  os 
or  in  the  uterus,  because  it  is  the  stronger  and  acts  more  promptly 
on  the  contractile  fibre-tissue.     (See  p.  165.) 

The  vagina  may  be  treated  bya  metal  lie  vaginal  electrode  (Fig. 
79),  with  which  either  the  positive  or  negative  pole  may  be  con- 

•  Annales  de  1' Electro-Th^rapie,  1863,  p.  205  et  seq. 
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nected.     This  is  useful  m  Uucorrhxa  sjnA  prolapsus.     For  ihes 
local  applications  either  the  galvanic  or  faradic  currents 
be  used  ;  but  the  faradic  is  usually  preferable,  because  in  the  ma- 
jority of  cases  for  which  electricity  is  applied  to  the  female  sexual 
Oi;gat)s,  mecltanical  more  than  chemical  effects  are  indicated.   Espe- 
cially is  this  the  case  in  umenorrhcea.     Furthermore,  the 
may  be  stable  or  labile,  uniform  or  Increasing,  ascending 

scending,  according  to  the  indications.  Ix)caJ  appl 
cations  lo  the  uterus,  whether  external  or  intei 
may  be  continued  for  from  five  to  fifteen 
eral  methods  may  be  tried  at  each  sitting, 
many,  perhaps  the  majority  of  cases  of  functional  disease 
of  these  organs,  require  general  as  well  as  localized  elec- 
trization. There  is  no  department  in  which  so  many 
mistakes  have  been  mode  by  too  exclusively  local  treat- 
ment as  in  that  of  gynecology.  No  case  of  functionai 
disturbance  of  the  uterus  should  be  abandoned  by  the  elee- 
tro-therapeutist  until  ht  has  faithfully  tried  general  as 
■well  as  external  and  internal  localized  electrization. 
treat  symptoms  of  central  or  constitutional  disturbance 
by  merely  local  electrization  is  illogical  in  theoiy 
unsatisfactory  in  practice. 
^^  All  the  organs  of  generation   in  woman  as  well 

IfL,      in  man  can  be  affected  by  galvanization  or  even  ft 
»1      dization  along  the  spine.       Besides   general   electriza- 
FiG   7Q     ^'"^'  galvanization  of  the  sympathetic  should  be  tried 
Viginal     in  all  obstinate  cases.     A  strong  evidence  of  the  bene- 
ficial results  of  general  electrization  in  these  cases 
the  fact    that   patients  undergoing  treatment  frequently  rcmi 
that   their   menses    are   in  some  way  affected.     In  some  cas 
they  are   brought   on    before    their   time,    in    others    much 
creased  in  quantity.     So  frequently  does  this  happen  that  we  ; 
fer  on  the  whole  to  suspend  the  treatment  during  the  menstnii 
periods  in  those  cases  where  no  therapeutical  effect  is  desired 
the  sexual  organs. 
The  time  of  making  the  applications  is  not  iniimportant.     Ii 
an  advantage,  in  amenorrhcea  at  least,  to  concentrate  as  n 
applications  as  possible  during  the   few  days  that  precede 
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appearance  of  the  menses.  And  yet  the  advantage  of  this  is 
hardly  as  great  as  has  been  supposed.  The  great  thing  in  all  but 
recent  and  temporary  cases  is  to  remove  the  anaemia  or  chlorosis, 
or  nervous  exhaustion  with  which  the  menstrual  disorder  is  asso- 
ciated, and  of  which  it  is  a  prominent  factor.  Another  suggestive 
consideration  is  that  the  menstrual  flow  may  be  brought  on  or  in- 
creased through  reflex  action  by  localized  electrization  of  other 
and  distant  portions  of  the  body,  as  the  hands,  feet,  chest,  etc. 

Statical  Electricity  (Franklinization)  has  been  used  for  amenor- 
rhcea,  and  with  varying  results.  The  very  successful  results  of  Dr. 
Golding  Bird,  in  Guy's  Hospital,  have  been  indefinitely  quoted, 
but  have  not  been  yet  repeated  to  an  extent  sufficient  to  show 
that  this  form  of  electricity  is  superior  to  galvanization  or  faradi- 
zation in  the  treatment  of  this  affection.  Others,  however,  as 
Holsbeck,  Bitterlin,  Taylor,  Hervieux,  and  Graves,  have  reported 
•cures  by  this  method.* 

Prognosis  in  Diseases  of  the  Uterus, — Whatever  method  is  used, 
generally  requires  time  to  insure  results.  While  it  is  true  that  a 
single  application,  especially  internal,  may  bring  on  the  menses, — 
may  even  cause  the  blood  to  appear  during  the  sitting, — yet  in  the 
majority  of  instances  treatment  must  be  more  or  less  protracted 
in  order  to  insure  permanent  relief  The  very  general  impression 
that  the  object  of  electrization  of  the  functionally  diseased  uterus 
is  merely  to  stimulate  the  organ  to  its  duty,  is  a  great  mistake. 
Electrization  cures  these  diseases  as  much  by  its  permanently 
tonic  effects  on  the  system,  as  well  as  by  its  temporarily  stimulat- 
ing effects  on  the  organs  themselves. 

Of  amenorrhea  we  have  treated  14  cases.  Of  these  8  recov- 
ered, I  approximately  recovered,  5  were  not  benefited. 

Of  dysmenorrhoea  we  have  treated  7  cases.  Of  these  3  re- 
covered, 2  were  decidedly  benefited,  and  in  2  cases  the  results 
are  unknown. 

We  have  met  with  no  known  case  of  absolute  failure  in  nervous 
dysmenorrhcea,  and  the  cases  of  recovery,  as  will  be  seen  in  the 
detailed  cases,  were  quite  remarkable. 

*  Meyer,  op.  cit.,  451. 
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Of  vaginalUucorrhaa  we  have  treated  4  cases.  Of  these  i  re- 
covered, 2  were  decidedly  benefited,  and  i  was  not  benefited. 

Tripier*  obtained  good  results  from  localized  faradization. 
He  reports  that  3  cases  of  dysmenorrhoea  and  4  cases  of  anienor- 
rhoea  recovered,  and  2  cases  of  amenorrhoea  and  2  of  menonha- 
gia  were  improved.     His  cases  were  variously  complicated. 

ENLARGEMENTS  AND  DISPLACEMENTS  OF  THE   UTERUS. 

Tripier,  Beuvain,  Seiler,  Fano,  and  Beau  have  experimented 
somewhat  in  the  treatment  of  enlargements  and  flexions,  and  pro- 
lapsus of  the  uterus,  by  electrization.  Both  the  galvanic  and 
faradic  currents  were  employed,  chiefly  the  latter.  The  im- 
lK)rtant  chemical  and  mechanical  results  obtained  by  electrization 
in  other  parts  of  the  body  give  reason  to  hope  that  on  further 
trial  it  may  realize  some  of  the  hopes  that  are  expressed  on  this 
subject  by  Tripier  and  the  other  above-mentioned  writers.  A, 
remedy  that  can  discuss  tumors  (see  Electro- Surgery),  cause  the 
absorption  of  fluid  effused  in  hydrocele  and  rheumatic  joints, 
should  not  be  wholly  powerless  against  enlargement  of  the  uterus. 

The  results  obtained  in  prolapsus  uteri  are  probably  to  be  ex- 
plained partly  by  the  chemical  and  mechanical  effect  of  the  current 
on  the  structure  of  the  uterus,  and  partly  by  its  tonic  effects  on 
the  ligaments  and  vaginal  walls.  We  have  seen  good  results  in 
the  use  of  general  and  localized  faradization  as  an  adjuvant  in 
several  instances. 

Treatment, — In  the  treatment  of  the  various  diseases  of  the 
uterus,  the  application  must,  of  course,  be  varied  with  the  mor- 
bid condition.  Special  rules  cannot  be  given  in  any  detail ; 
each  case  must  be  studied  bv  itself. 

According  to  Tripicr,f  ehronic  metritis  and  enlargement  of  the 
uterus  is  best  treated  by  applying  the  uterine  electrode  against 
the  OS,  and  connecting  the  other  pole  (bifurcated)  with  an  insu- 
lated rectal  electrode  in  the  rectum  and  a  sponge  electrode  over 
the  abdomen. 

Prolapsus    uteri,    the    same  author    treats    by  applying    the 

*  Annales  de  1' EIcctro-Th^rapie,  1863,  p.  205  et  seq. 
f  Ix)c.  cit.,  p.  38  et  seq. 
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uterine  electrode  against  the  os,  and   connecting   the   other  pole 
(bifurcated)  with  two  sponge  electrodes,  one  on  each  groin. 

For  anteversion  and  anteflexion  he  introduces  the  negative 
pole  into  the  rectum,  where  it  can  act  more  powerfully  on  the 
posterior  part  of  the  uterus,  and  the  positive  in  the  vagina. 

For  retroversion  and  retroflexion  he  applies  the  positive  pole 
in  the  bladder  or  over  the  abdomen,  while  the  negative  is  applied 
to  the  OS,  by  the  uterine  electrode,  an  air  pessary  having  first  been 
put  into  the  rectum  to  elevate  the  fundus. 

Whether  the  subject  has  yet  been  sufficiently  studied  to  enable 
us  to  assign  precise  and  exclusive  methods  of  application  for  each 
special  disease  of  the  uterus,  is,  to  say  the  least,  questionable. 
More  or  less  benefit  may  be  derived  from  electrization  in  almost 
any  form  of  displacement  by  any  or  all  of  the  different  methods 
of  application.  General  electrization  is  sometimes  of  excellent 
service  in  such  cases  by  its  tonic  effects  on  the  system,  while  the 
effect  of  localized  applications  is  to  increase  the  tone  of  the  vagina 
and  the  ligaments^  and  diminish  the  engorgement. 

The  treatment  may  be  regarded  as  an  important  adjuvant  in  all 
rebellious  cases  of  uterine  displacement,  and  especially  of  those 
that  are  associated  with  general  debility. 

Prognosis  in  Uterine  Displacements  and  Engorgements. — 
Tripier*  details  thirty  cases  of  various  phases  and  complications  of 
uterine  disease  treated  by  localized  faradization. 

Of  anteflexion  and  anteversion^  4  cases  recovered,  2  were  im- 
proved, and  in  one  case  no  result  was  obtained. 

Of  retroversion  and  retroflexion^  i  case  recovered,  i  was  im- 
proved, and  in  i  case  there  was  no  result 

Of  engorgement^  2  cases  recovered. 

Tripier  further  observed  very  marked  effects  on  the  general  sys- 
tem, and  severe  symptoms  of  hysteria,  neuralgia,  and  nervousness 
were  greatly  ameliorated.  If  general  faradization  had  been  em- 
ployed, these  constitutional  effects  would  have  been  much  more 
marked. 

INTRA-UTERINE    GALVANIC   PESSARIES. 

The   attention   of  the   profession  was   called  to   the   use   of 
*  Aimalcs  dc  rElectro-TWrapie,  p.  202  et  seq.     1863. 
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galvanic  intra-uterine  pessaries  by  Sir  J.  Y.  Simpson.  The 
instrument  which  he  employed  was  composed  of  a  piece  o 
zinc  and  a  piece  of  copper,  fastened  together  into  a  shape  and 
size  suitable  for  entrance  into  the  uterine  cavity. 

As  thus  constructed   the  instrument  was    stiff   and    unyield- 
ing, and  was  not  adapted  for  the  various  states  of  uterine  flexion. 
This  form  of  pessary  Prof.  T.  G.  Thomas*  has  greatly  modified 
by  substituting  for  the  single  pieces  alternate  beads 
of  zinc  and  copper,  which  are  arranged  on  flexible 
wire  inserted  in  a  rubber  bulb.  (Fig.  80.)  This  instru- 
ment we  still  further  modified  by  insulating  the  wire 
on  which  the  beads  of  zinc  and  copper  are  strung, 
except  at  the  extremities,  where  it  makes  metallic 
Fig.  8a      connection   at  one   end  with  the  zinc,  and  at  the 
inira-uterine    Other  with  the  coppcr  bead,  thus  forming  a  miniature 

CrsJvsinic    Pes* 

ury.         voltaic  pile,  with  a  completed  circuit 

When  this  contrivance  is  closely  embraced  by  the  lining  mem- 
brane of  the  uterus,  and  thoroughly  moistened  by  the  uterine  fluids, 
a  feeble  current  is  un(iuestional)ly  generated.  In  order  to  test  this 
matter  we  tied  around  one  of  these  galvanic  pessaries  a  piece  of 
fresh  and  moistened  beef,  and  connected  the  extremities  with  a 
galvanometer.  Immediately  a  slight  deflection  of  the  needle  was 
observed.  The  experiment  we  repeated  a  number  of  times,  and 
always  more  or  less  variation  of  the  needle  was  obtained. 

When,  therefore,  such  a  galvanic  pessary  is  in  situ  it  is  not 
impossible  that  the  very  feeble  current,  as  it  passes  through  the 
metallic  beads,  may  traverse,  to  a  limited  extent,  the  folds  of  the 
lining  membrane  of  the  uterus,  which  presses  between  them. 

'J'he  ([uestion  whether  the  very  slight  current  thus  produced, 
combined  with  the  necessary  mechanical  effect  of  the  metals  in 
such  case,  is  cai>able  of  important  therapeutic  results,  can  only  be 
answered  by  extended  experience  and  discriminating  observa- 
tion, f 

Dr.  Thomas  assures  us  that  in  amenorrhoea  positive  therapeuti- 

♦  A  Practical  Treatise  on  the  Diseases  of  Women.     Second  edition,  p.  500. 
f  The  white  coagiila  that  are  observed  after  the  application  of  this  pessary 
arc  caused  by  the  chemical  action  of  the  current  on  the  intra-uterine  fluids. 
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cal  results  have  been  obtained  by  the  use  of  this  pessary  ;  but 
is  unable  to  say  whether  the  results  are  due  to  the  mechanical 
effect  of  the  metals  or  to  the  action  of  the  current. 

Dr.  Peaslee  also  has  seen  favorable  results  from  the  use  of  the 
same  pessary. 

The  question  whether  the  therapeutical  effects  are  due  to  the 
pressure  of  the  foreign  body  or  to  the  action  of  the  current  might 
be  settled  by  substituting  glass  beads  for  the  metals. 

Dr.  Murray,  quoted  by  Althaus,*  has  used  Simpson's  intra- 
uterine galvanic  pessary  with  success  in  cases  of  sub-involution  of 
the  utenis,  where  the  os  is  open,  the  lips  thickened,  and  whole 
organ  flabby  with  excess  of  menstruation  and  disagreeable  dis- 
charge. In  one  marked  case  a  fortnight's  use  of  this  instrument 
reduced  a  flabby  uterus  "  nearly  to  its  normal  and  healthy  con- 
dition." 

Amenorrheea — Afurmia  and  cardiac  palpitation  in  a  lady  eighteen  years  of 
age —  Two  months'  standing — Improvement  of  all  the  symptoms  and  reap- 
pearance of  menses  after  eight  stances  of  general  faradization. 

Case  122. — In  1866,  a  young  lady  of  eighteen  consulted  us  for  what  she  re- 
garded as  a  disease  of  the  heart.  Her  speech  was  only  in  broken  utterances, 
and  her  breathing  was  short  and  rapid.  She  was  decidedly  anaemic,  and  had 
been  troubled  with  amenorrhoea  for  two  months.  The  patient  was  so  hysterical 
that  the  first  application  was  given  with  difficulty.  Whenever  the  strength  of 
the  current  was  much  increased,  faintness  was  at  once  produced.  After  the 
first  week,  however,  she  could  bear  a  current  of  odinary  strength  without  dis- 
comfort. 

The  treatment  was  continued  for  one  month — the  patient  visiting  us  every 
other  day.  By  that  time  her  apparent  cardiac  symptoms  had  disappeared ;  her 
breathing  was  more  natural ;  her  checks  full  of  color,  and  her  step  more  firm. 
Her  menses  returned  after  the  eighth  application. 

Suppression  of  menses  from  sea-voyage— Immediate  relief  from  external  far- 
adization. 

Case  123. — Miss  D ,  aged  25,  was  sent  to  us  by  Dr.  James  L,  Brown,  to 

be  treated  for  suppression  of  the  menses,  caused  by  a  sea-voyage  five  months  pre- 
vious. She  was  stout  and  vigorous,  and  complained  of  no  other  symptom. 
According  to  Dr.  Brown's  diagnosis,  there  was  no  organic  uterine  disease.  We 
gave  her  a  general  application  with  the  descending  faradic  current.  The  next 
day  she  said  that  some  blood  had  appeared.     The  application  was  repeated,  a 

♦  Op.  cit.,'p.  631. 
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strong  current  passing  over  the  bowels  and  lower  portion  of  the  spine.     A 
healthful  flow  for  two  or  three  days  after  slie  left  the  office. 

Dysnunorrhaca  and  Menorrhagia — Anamia — Debility — Hcmarkabie  sensitive- 
ness to  the  current — Entire  recoz'ery  under  general  faradization. 

Cask  124. — A  married  lady,  aged  33,  was  sent  to  us  in  the  early  part 
of  1867.  Some  ten  years  previously  her  husband  had  been  the  proprietor 
of  a  large  boarding  school,  and  the  care  and  labor  which  devolved  upon 
her  as  matron  proved  too  much  for  her  strength.  Her  health  finally  became 
so  much  impaired  that  the  business  was  given  up,  and  from  that  time  she 
had  been  vainly  seeking  for  |)ermanent  relief.  There  was  prolapsus  of  the 
uterus  of  the  first  degree,  and  during  the  menstrual  period  she  suffered  from 
general  neuralgic  pains  of  a  severe  character.  What  she  chiefly  complained  of 
and  regardcil  as  the  princijxil  source  of  ill  health,  was"  the  excessive  dysmc- 
norrhoea  and  mcnorrhagia,  which  occurred  regularly  every  month. 

The  catamenial  flow  continued  seven  days,  during  which  time,  and  immedi- 
ately afterward,  she  presented  a  remarkably  weak  and  anaemic  appearance. 

In  the  intervening  time  and  under  favorable  circumstances,  she  regained  a 
portion  of  strength  and  color,  only  to  l)e  again  prostrated  at  the  menstrual 
period.  Her  previous  meilical  advisers  had  given  her  tonics  and  other  remedies 
most  suited  to  her  case,  but  what  seemeil  to  have  given  her  greater  temporary 
relief  than  anything  else  was  a  course  of  localized  electrization,  to  which  she  had 
submitted  in  lioston.  The  menorrha^iia  and  dv>menorrhoca  seemed  to  be  but  a 
consequence  of  general  deljility ;  and  indeed  tiie  sj-mptoms  of  which  she  com- 
plained were  so  many  and  varied,  that  it  was  impossible  to  point  out  anyone  to 
which  treatment  should  l^  especially  directed.  We  immediately  commenced 
general  applications  of  an  exceedingly  mild  and  fine,  or  rapidly  interruptc<l  cur- 
rent. She  was  s«3  susceptible  to  the  influence  of  the  electricity,  that  only  the 
most  gentle  current  could  be  borne  ;  and,  contrary  to  our  general  experience  in 
such  cases,  >hc  was  at  the  completion  of  her  course  of  treatment  as  little  able  to 
endure  the  sensation  as  at  the  beizinnincr. 

The  applications  were  given  from  two  to  three  times  a  week,  and  were  con- 
tinuetl  al>out  two  months. 

In  her  case  as  in  many  others,  the  first  seance  was  followed  by  considerable 
nervousness  and  some  soreness,  but  as  she  was  instructed  to  expect  such  a 
result,  it  caused  no  uneasiness. 

After  two  weeks  of  treatment  her  courses  came  on,  and  were  as  long  con- 
tinued and  the  loss  of  blood  almost  as  great  as  ever.  Her  other  symptoms, 
however,  were  considerably  ameliorated,  and  the  pain  from  the  neuralgia  was 
hanlly  noticeable.  During  the  succeeding  three  weeks  she  aj^peared  a  different 
person. 

Her  api^tite  was  exceedingly  keen,  her  sleep  refreshing,  and  she  had  the  de- 
sire and  strength  to  exercise  daily  in  walking,  to  an  extent  which  before  would 
have  exhausted  her.     We  looked  for  a  pleasant  result  as  the  time  for  her  courses 
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drew  near,  nor  were  we  disappointed.  The  flow  continued  but  four  days,  and 
the  dysmenorrhoea  and  menorrhagia  were  so  trivial  as  hardly  to  deserve  notice, 
and  the  general  neuralgic  pains  w^ere  wanting.  Another  result  of  the  treatment 
was  to  restore  the  slightly  prolapsed  uterus  to  its  normal  position.  This  condi- 
tion was  evidently  associated  with  relaxation  of  the  vaginal  walls,  and  the  bene- 
ficial result  that  followed  was  due  to  the  direct  tonic  effect  of  the  current  upon 
those  walls,  as  well  as  to  the  general  influence  which  was  exerted  over  the  whole 
system.     She  has  had  no  relapse. 

The  points  of  particular  interest  attending  the  foregoing  case 
were  as  follows  : — 

I  St.  It  was  absolutely  impossible  in  making  the  applications  to 
use  effectively  the  sponge  or  any  artificial  electrode.  From  even 
the  very  finest  and  mildest  current  she  would  shrink,  when  it  was 
passed  through  the  sponge,  while  a  stream  of  much  greater  inten- 
sity was  borne  without  much  discomfort  when  it  passed  through 
the  person  of  the  operator^  and  7vas  applied  directly  by  means  of 
the  moistened  hand. 

As  is  generally  the  case,  we  expected  that  she  would  become 
inured  to  the  passage  of  the  electricity,  so  that  the  amount  could 
be  increased,  but  at  each  succeeding  sitting  she  seemed  to  feel  its 
influence  as  much  as  at  the  first.  But  even  this  patient  could 
bear,  and  needed  more  of  the  electric  influence  along  the  spine 
and  over  the  vital  organs,  than  could  be  given  through  the  person 
of  one  not  accustomed  to  the  direct  passage  of  the  current. 

2d.  The  second  point  of  interest  consists  in  the  fact  that  she 
had  previously  been  treated  by  localized  electrization,  and  with 
some  benefit,  although  not  sufficient  to  encourage  her  to  hope  for 
a  complete  or  even  an  approximate  cure.  We  made  use  of  general 
electrization  only,  and  although  the  applications  were  directed  to 
particular  parts,  longer  and  harder  than  to  others,  yet  the  main 
idea  was  to  bring  the  system  generally  under  the  influence  of  the 
electric  current. 

Dysmenorrhoea  from  congestion  of  uterus  in  a  lady  of  22 — Ancetnia — Im- 
proz'ement  under  general  faradization  and  localized  galvanization — Relapse, 

Case  125. — Miss  M ,  a  young  lady  of  22,  was  sent  to  us  in  August,  1867, 

by  Dr.  Morcau  Morris,  to  be  treated  for  a  dysmenorrhoea  of  an  unusually  dis- 
tressing character.  She  was  of  a  frail  nervous  organization,  and  was  decidedly 
anx'uiic.  In  the  opinion  of  Dr.  Morris,  the  dysmenorrhcea  was  caused  by  con- 
gestion of  the  womb,  brought  on  by  repeated  colds  and  chills  during  the  men- 


Her  appetite  was  exceedingly  delicate,  and  lliere  was  great  impressibility  to  dk* 
ease  in  all  her  mucous  memhrarcs.  It  woidd  indeed  be  difficult  lo  conceive  of 
a  more  disheartening  caw  of  dysmenorrhcra,  for  any  kind  of  Irealment. 

Very  doubtful  encouragement  was  ^ven.      General  faradizatioa  was  diieSy 
cmplojed. 

It  was  not  long  berore  she  bi^an  lo  improve  in  ber  general  conditiom,  and 
CKperienced  a  greater  relief  from  her  severe  neuralgia  and  dysmenorrhoca 
than  she  had  ever  secured  from  internal  medication.  At  one  of  ber 
monthly  courses  she  was  almost  entirely  free  from  pain ;  and  at  most  of  the 
others  that  have  occurred  since  she  began  treatment,  she  has  suffered 
formerly.  She  is  now  far  from  being  strong,  but  relains  in  a  good  mc 
benefits  she  received. 


Prala^us,  rclnrverston  and  lacevatioti  of  cervix — Anorexia  aidddiility — Fn 
adivtiioit  ef  ultrut  and  vagina,  and  general faraditalioH~~Impr<!vemaa 
general  condilian —  Very  lUght  impritvemenl  in  local  dueaie. 
Case  h6.— A  married  Iidy  was  sent  to  us  by  Dr.  John  T.  Metcalfe. 
that  she  might  receive  the  tonic  eHects  of  general  electrization  for  a  tilerine  ifif- 
ficulty  of  six  years'  standing.     There  was  retroversion,  and  there  had  been  at 
times  considerable  prolapsus,  and  also  laceration  of  cervix.      Her  appetite  was 
poor,  her  bowels  very  constipated,  and  her  whole  systi 
by  severe  and  oft-recurring  attacks  of  menorrhagia,  i 
but  on  any  exciting  cau'^e. 

There  was  a  very  relaxed,  flaccid  condition  of  the  vaginul  walls,  and  of  the 
whole  genital  apparatus.  The  improvement  in  her  general  condition  was  rapid. 
Her  appetite  increased ;  her  bowels  were  regular  from  the  beginning  of  the 
treatment ;  her  severe  neuralgic  pains,  that  formerly  were  most  distreasng, 
were  greatly  mitigated,  and  what  is  of  most  importance,  thcmenorrhagicatiacks 
were  diminished  in  frequency  and  violence.      The  local  condition  was  not  im- 

NiHralgk  dysmeitarrluza  and  menorrhagia — ConstipalioH — Permanent  /■•- 
prm/ement  under  general  faraditalion. 
Case  117. — ^Miss  D— — -,  aged  zi,  come  to  this  city  from  Auburn,  to  be 
treated  for  the  variety  of  dysmenorrhnea  termed  neuralgic.  The  Irealment  by 
ordinary  internal  medication  was  continued  some  two  months,  but,  as  the 
neuralgic  pain  seemed  to  be  but  little  relieved,  and  as  her  general  condition  did 
no!  improve,  she  was  induced  to  try  the  effects  of  general  clectrLeation  before 
returning  to  her  home.  She  commenced  10  menstruate  at  irregular  intervals 
when  about  fifteen  years  of  age,  and  from  the  first  had  snffered  more  or  less  at 
each  menstrual  period.  Her  general  health  began  lo  fail  some  three  years 
before  .she  visited  this  city  tor  treatment,  and  when  she  came  under  our  obser- 
vation  she  preicntetl  the  following  symptoms: — 


Ji 
4 


Cases  of  Menorrhagia  and  Leucorrhoea.  505 

She  was  decidedly  anaemic,  and  the  general  appearance  of  lassitude  and  discour- 
agement which  she  presented  at  once  betrayed  the  disturbance  of  her  vital 
forces.  While  in  many  instances  of  neuralgic  dysmenorrhoea  the  pain  seems  to 
be  confined  solely  to  those  nerves  that  supply  the  sexual  organs,  in  this  case  the 
disorder  extended  to  the  whole  system.  The  constant  recurrence  and  terrible 
paroxysms  of  pain  from  which  she  suffered  rendered  life  a  burden.  Even  in 
the  intervening  time,  anticipation  of  the  agony  that  she  again  must  so  soon  un- 
dergo, caused  her  to  suffer  from  great  depression  and  melancholy. 

In  addition  to  these  distressing  pains  she  suffered  from  profuse  menorrhagia, 
so  that  what  little  strength  she  regained  after  her  sickness  was  almost  immedi- 
ately lost  on  the  return  of  the  catamenia.  Her  bowels  had  been  for  a  long  time 
obstinately  constipated,  and  unless  this  state  were  frequently  relieved  by  aperi- 
ents she  was  annoyed  by  considerable  vertigo  and  headache.  She  began  to 
despair  of  ever  obtaining  relief.  She  received  the  first  application  of  general 
electrization  in  November,  1866.  A  very  mild  and  fine  current  was  used,  and 
the  application  was  extended  from  the  neck  down  the  spine  and  over  the  vital 
organs. 

Although  she  was  submitted  to  the  influence  of  the  current  for  but  five  min- 
utes, yet  during  the  application  she  showed  symptoms  of  faintness,  and  on  the 
following  day  she  suffered  from  considerable  soreness  and  nervous  prostration. 
She  visited  us  on  three  different  occasions  when  her  courses  appeared,  and  were 
as  long  continued  and  attended  with  as  great  loss  of  blood  as  before.  There 
was,  however,  considerable  amelioration  of  pain.  Before  the  cessation  of  the 
flow  we  renewed  the  operations,  and  continued  the  treatment  uninterruptedly 
for  nearly  four  weeks.  She  received  an  application  every  other  day,  and  was 
soon  able  to  bear  a  current  of  ordinary  intensity.  The  improvement  in  her  con- 
dition was  exceedingly  rapid.  The  capricious  appetite  became  less  exacting,  and 
constipated  bowels  more  regular.  After  a  very  few  applications  had  been  given 
and  the  influence  of  electrization  began  to  manifest  itself,  she  appeared  a  differ- 
ent person  both  in  mind  and  body.  When  her  menses  again  appeared  she 
suffered  but  little  more  pain  than  is  usual,  and  the  general  neuralgic  distress  was 
quite  wanting. 

The  menorrhagia,  which  before  was  such  a  prominent  and  debilitating  symp- 
tom, was  now  so  slight  as  scarcely  to  deserve  the  name.  She  received  subse- 
quently three  more  applications,  when  she  returned  to  her  home.  We  were  of 
course  anxious  to  know  if  this  favorable  state  of  things  continued,  and  have 
been  gratified  to  learn  by  direct  information  that  since  she  discontinued  treat- 
ment there  has  been  no  return  of  any  prominent  distressing  symptom.  She 
moreover  continued  to  improve  in  her  general  condition,  until  she  became  ro- 
bust. 

Prolapsus  uteri — Leucorrhaa  and  menorrhagia — Loss  of  tone  in  vaginal 
walls — Recovery  under  faradization  of  uterus  and  general  far aditation. 

Case  128. — Miss  T ,  an  unmarried  lady,  aged  30,  applied  for  treatnrert 
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tor  railing  of  t  he  womb  of  the  secoiwJ  dtgrec,  (rom 


onths.      Previous  lo  the  firsi  ^mptoms  of  prolapsus,  persisten 


cjrrliiEi  had  annayeJ  her  for 


:,  Bild  had  ctralinueJ  up  lo  Ihe  day  A 
irrha.»ia.     These  candilioi 


She  complained  also  of  a: 
however,  were  evidently  associ»led  wilh  no  organic  uterine  disease;  but  her 
gaieral  hciltti  wa;  quite  feeble.     If  il  were  a  com;  for  electricity  at  all,  it  was 
jdain  that  she  needeJ  its  tonic  influence.      We  commenced,  therefore,  wilh 
loilil  general  applications,  increasing  the  strength  of  the  current  at  each  visit 
■s  she  was  able  to  bear.     Kx.  each  sitl'uig,  also,  the  electrode  was  applied  for  KtJ 
few  minutes  against  the  os  and  the  vagina.    The  beneficial  results  of  this  t 
of  treatment  were  soon  obKrvable.     Her  appetite,  which  had  been  capridomy  J 
became  more  ratiouil.  anJ  her  strength  increased  with  marked  rapidity, 
vaginal  walls  seeme  1  to  (>iin  tone  day  by  day,  until  after  the  «xth  a{^icatiM9 
Ihe  uterus  was  restored  to  its  normal  position. 

Niuralgia  and   IttKsrrhaa    ■mith  ekronic  diarrAaa,  vi/A    d^ility — Spinal 
irrilaiion — Imprevfment  under  geiiirat  faradisation. 

C^SE  129. — Mrs.  P.,  a  married  lar]y,  35  year<i  of  age,  tirsl  applied  lo  us  for 
elect riiat Ion  in  May,  1867.  She  stated  that  a  protracted  and  painful  labor 
Ihree  years  before  liad  so  reduced  her  that  she  iiad  never  been  able  to  regain 
her  strength. 

She  complained  of  geoetnl  vreaknes^,  poor  appetite,  and  inability  to  make 
any  exertion.     She  suffered  almost  constantly  from  pain  in  the  back,  and  fron'S 
acute  netualgic  attacks  in  the  top  of  the  head.  1 

She  had  all  along  suffered  more  or  less  from  a  leucorrLical  discharge,  and  lor   ' 
about  six  months  before  we  saw  her  she  had  been  growing  weaker  and  weaker. 
On  examination  per  vaginam  we  found  an  indurated  os,  the  result  of  chronic 
inHammation,  and  slight  prolapsus.      She  was,  in  a  word,  a  typical  case  of 

I  special  and  constitutional  weakness  ifiat  we  so  oRen  meet  in  females  in  the 
better  walks  of  society.  In  this,  as  in  the  previous  case,  internal  medication 
in  the  shape  of  iron,  quinia,  strychnia,  etc.,  had  been  tried  by  her  skilful  medi- 
cal adviser  so  perseveringly  and  so  uselessly  that  we  resolved  tu  discontinue  it 
iltogelher.  Even  at  the  lirsl  sitting  she  was  able  lo  tear  a  good  strength  of 
the  current,  except  on  the  lop  of  the  heail  and  over  the  transverse  colon.  There 
were  no  unpleasant  secondary  symptoms ;  slie  slowly  but  steadily  improved  in 
her  general  condition  and  in  her  special  symptoms.  The  diarrhiea  was 
checked,  and  the  stools  gradually  assumed  a  more  healthy  appearance ;  and  wilk  _ 
[his  improvement  in  the  condition  of  her  bowels,  the  tender  spot  over  the  ti 
verse  colon  l)ecame  less  sensitive  lo  the  current.  On  account  of  her  diarrluMtl 
the  had  been  forced  to  be  very  scrupulous  in  licr  diet,  but  she  could  now  « 
she  common  articles  of  food  with  impunity. 
She  could  sleep  freer  and  longer  than  before,  and  had  gained  lay  perreplfUf'J 
in  strength  and  color,     fler  headaches  were  the  symptoms  last  to  yield,  \ 
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they  diminished  in  their  violence  and  frequency.     The  treatment  was  extended 
over  a  period  of  two  months. 

Aminorrhcca — General  eon  Jit  ion  excellent — Permanent  recovery  under  the 
alternate  use  0/  faradization  and  galvanization. 

Case  130. — Mrs.  S.,  a  widow  lady,  aged  28,  had  not  menstruated  for  more 
than  a  year.  The  complaint  was  as  persistent  as  her  general  health  was  per- 
fect, for  she  apparently  suffered  from  no  ailment,  with  the  exception  of  a  slight 
leucorrhoia  which  readily  yielded. 

The  faradic  current  alone  was  applied  every  other  day  for  several  weeks,  but 
without  benefit.  On  two  different  occasions,  therefore,  we  made  use  of  the 
galvanic  current  from  a  voltaic  pile  of  90  pairs,  placing  one  pole  over  the  sacrimi 
and  the  other  over  the  region  of  either  ovary  alternately.  The  faradic  current 
(localized)  was  again  made  use  of  twice,  at  intervals  of  two  days,  when  the  catame- 
nia  came  on  and  continued  several  days.  She  passetl  the  next  period  without  be- 
ing unwell,  and  so  we  directed  her  to  come  again  about  a  week  l)efore  the  day 
when  she  expected  her  courses.  She  received  a  general  application  of  the  fara- 
dic current  every  other  day,  and  at  the  exi>ccted  time  her  courses  apj^ared. 
Nearly  two  years  have  now  elapsetl  since  she  discontinued  treatment,  but  she  is 
still  regular. 

In  the  treatment  of  most  of  our  cases  of  amenorrhcxia  by  elec- 
trization, we  have  been  guided  by  the  general  principle  which  we 
consider  established — that  general  electrization  with  the  faradic 
current  is  a  constitutional  tonic — and  the  result  has  been  more 
satisfactory  than  we  anticipated. 

Jn  the  above  case  no  apparent  debility  existed,  and  the  cause 
may  possibly  be  ascribed  to  a  tori)id  condition  of  the  vaso-motor 
nerves  of  the  ovaries  and  uterus.  This  may  account  for  the  im- 
l^rovenient  under  general  faradization. 

\\\  all  such  conditions  the  galvanic  current  may  possibly  prove 
more  efficacious  than  the  faradic. 

'J'he  following  case  illustrates  the  advantage  that  may  be  derived 
from  internal  and  intra-uterine  faradization  when  external  appli- 
cations fiiil. 

Amenorrha-a  by  internals  for  sei'eral  years — Relief  of  suppression  by  intra- 
uterine faradization  with  a  powerful  current ^  after  failure  of  external 
applications^  and  also  of  applications  to  the  os  by  the  uterine  electrode. 

Cask  131. — Miss  S.,  aged  23,  was  sent  to  us  by  Dr.  Fordycc  Barker,  July 
6th,  1X70.     During  all  her  menstrual  life  she  had  l>cen  more  or  less  irregular. 
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At  various  times  she  had  been  relieved  by  faradization  of  some  kind,  and  had 
found  by  experience  that  it  was  neces^ry  to  use  internal  applications.  Her 
(jeneral  condition  was  not  of  the  best,  and  suppression  always  brought  general 
nervous  derangement.  At  this  date  she  was  three  or  four  days  past  the  time 
for  her  menses.  We  treated  lier  at  first  by  the  uterine  electrode  (connected 
with  the  negative  pole)  against  the  os,  and  the  positive  either  on  the  abdomen 
or  lumbar  region.  This  treatment,  repeated  four  times,  brought  on  some 
appearance  of  blood,  but  not  the  free  menstrual  flow.  One  application  with  the 
same  strength  of  current  with  the  intra-uterine  electrode  (p.  493)  for  about 
the  same  time — 10  minutes — brought  on  a  profuse  flow  on  the  day  following, 
and  the  patient  was  no  longer  treated. 

In  addition  to  the  local  treatment,  this  patient  needed  also 
general  faradization  during  the  intervals,  to  tone  up  and  fortify 
the  system,  so  that  attacks  of  suppression  might  less  easily  arise. 


CHAPTER  XXX. 
DISEASES  OF  THE  MALE  GENITAL  ORGANS, 

The  medical  diseases  of  the  male  genital  organs,  for  which 
electrization  is  chiefly  indicated  are  spermatorrhoea^  seminal 
emissions,  and  impotence. 

True  spermatorrhcea — that  is,  involuntary  discharge  of  semen 
without  erection — is  less  frequent  than  is  commonly  believed. 
Through  the  activity  of  charlatans  and  the  indifference  of  the  pro- 
fession, the  community  have  been  educated  to  such  erroneous 
ideas  on  this  subject,  that  young  men  who  find  a  drop  or  more  of 
fluid  at  the  mouth  of  the  urethra  in  the  morning  are  terribly 
alarmed,  and  in  time  frequently  become  hypochondriacal  to  the 
last  degree.  We  frequently  find  it  necessary  in  such  cases  to  have 
a  portion  of  the  discharge  submitted  to  a  microscopical  exami- 
nation, even  when  there  is  not  the  slightest  reason  to  suspect  the 
presence  of  spermatozoa,  in  order  to  convince  the  patient  that  the 
seminal  fluid  is  not  running  away  from  him.  There  are  those  who, 
even  after  this  final  test,  prefer  the  evidence  of  their  suspicions, 
and  refuse  to  be  comforted  until  by  proper  local  treatment  the  dis- 
charge is  made  to  cease. 

Seminal  emissions — that  is,  involuntary  discharge  of  seminal 
fluid,  with  erection — can  only  be  regarded  as  a  pathological  con- 
dition when  it  becomes  so  frecjuent  as  to  affect  the  health.  Con- 
stitutions vary  so  widely  in  their  relation  to  the  seminal  secretion, 
as  to  all  other  physical  functions,  that  it  is  im|)ossible  to  assign  any 
definite  or  mathematical  limit  within  which  involuntary  discharges 
of  semen  in  the  unmarried  is  to  be  regarded  as  a  physiological  con- 
dition. It  is  probable,  however,  that  for  the  majority  some  local 
or  general  pathological  condition  is  indicated  when  the  emissions 
appear  oftener  than  once  or  twice  a  month.  But  when  the  emis- 
sions are  far  more  frequent  than  this,  marriage  alone  is  oftentimes 
a  satisfactory  cure. 
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The  question  whether  special  treatment  is  required  in  any  case 
of  seminal  emissions,  is  to  be  decided  not  so  much  bv  their  ma- 
thematical  frequency  as  by  the  physical  or  mental  condition  with 
which,  as  cause  or  effect,  or  as  both  combined,  thev  are  associ- 
ated. 

Cases  that  are  accompanied  by  pain  in  the  back  and  limbs^  d}~s- 
pepsia.  constipation,  insomnia,  debility,  and  indisposition  to  men- 
tal  or  muscular  labor,  though  sometimes  relieved  or  cured  by  mar- 
riage alone,  yet  usually  re<iuire  some  form  of  general  and  local 
treatment.  The  need  for  treatment  in  such  cases  is  the  more  im- 
perative since  marriage  is  a  prescription  of  which  comparatively 
few  can  at  once  avail  themselves.  Cases  that  are  associated  with 
psychical  disturbances — melancholy,  foreboding,  hypochondria- 
sis, and  self-brooding — also  require  hygienic  and  medical  as  weU  as 
strongly  moral  treatment,  even  though  their  general  condition  in 
other  respects  is  undisturbed.  The  hj-pochondriasis  of  such 
patients,  though  it  may  be  sometimes  dispelled,  by  disabusing  the 
mind  of  error,  and  by  other  measures  that  tend  to  give  comfort 
and  reassurance,  is  yet  oftentimes  apparently  a  disturbance  of 
the  central  nervous  system,  and  requires  treatment  accordingly. 
Morbid  sexual  desires,  that  sometimes  complicate  seminal  emis- 
sions, demand  and  are  much  benefited  by  electrization.  Patients 
in  this  condition  are  excited  to  an  erection,  and  sometimes  to  dis- 
charge of  urethral  fluid,  by  the  sight  of  a  female,  by  the  reading 
of  exciting  books,  or  by  any  cause  that  mechanically  irritates  the 
parts,  as  riding  in  the  cars  or  stages. 

Both  spennatorrhcea  and  seminal  emissions  may  be  caused  by 
any  influences  that  tend  to  weaken  the  system — masturbation, 
excessive  sexual  intercourse,  prolonged  continence,  or  exhausting 
diseases.  Masturbation  is  most  injurious  when  practised  in  early 
years  ;  and  the  worst  victims  of  seminal  emissions  are  those  who 
suddenly  break  off"  the  habit  in  which  they  have  excessively  in- 
dulged since  the  dawn  of  puberty.  Cases  that  arise  from  exhaust- 
ing diseases,  as  fevers,  etc.,  usually  recover  with  the  improvement 
in  the  general  condition. 

Treatment. — Usually  local,  but  sometimes  general  treatment,  is 
required. 
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External  method, — The  testicles  may  be  placed  directly  between 
the  poles,  with  gentle  pressure.  The  testicles  and  perinaeum  are 
less  sensitive  to  external  applications  than  any  other  portion  of 
the  surface  of  the  body,  except  the  middle  of  the  back. 

The  vesicula;  seniinales  and  the  testicles  may  be 
affected,  and  in  some  patients  very  powerfully  and 
sensibly,  when  one  of  the  poles  is  applied  to  the 
lower  part  of  the  spine,  and  the  other  to  some  point 
on  the  thigh  or  against  the  perinaeum.  A  very  good 
way  to  affect  the  male  reproductive  organs  is  to 
apply  one  pole  firmly  against  the  perinaeum,  and  the 
other  upon  the  testicles. 

Faradization  of  the  genital  organs  should  not 
usually  be  protracted  longer  than  five  to  ten  minutes ; 
galvanization  from  two  to  eight  minutes.  For  external 
electrization  the  faradic  current  would  appear  to  be 
preferable. 

Internal  method, — Besides  these  applications,  semi- 
nal emissions  and  spermatorrhcjca  may  require  the  use 
of  an  insulated  catheter  electrode  (Fig.  81)  that  maybe 
applied  directly  against  the  ejaculatory  ducts  or  in  their 
vicinity.  This  catheter  electrode  may  be  connected  with 
the  positive  pole  (seep.  165),  while  the  negative  is  ap- 
plied along  the  spermatic  cord,  at  the  perinjeum,  or  on 
the  lumbar  vertebne.     This   method  of   application 
should  usually  be  made  with  the  galvanic  current  of 
moderate  strength.  The  sitting  should  not  be  prolonged 
beyond  three  or  four  minutes,  and  should 
not  be  too  frequently  repeated,  lest  it  may 
over-irritate  the  j)arts.  An  average  of  once 
a  week  is  sufficient  for  this  method  of  in- 
ternal application,  while  the  external  ap-  Fig.  81. 
plications  in  their  different  varieties  are   iMuiated  Catheter  Electrode, 
used  daily  or  every  other  day,  or  twice  a  week.     The  vesiculte 
scminales   may  be  electrized  by  the  application  of  an  insulated 
rectal  electrode  against  the  anterior  wall  of  the  rectum. 

We  have  found  the  use  of  bougies  to  be  of  excellent  service  in 
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these  cases  as  a  preliminary  treatment,  since  it  prepares  the  way 
for  the  electrization  of  the  orifices  of  the  ejaculatory  duct  by 
means  of  the  insulated  catheter  electrode ;  and  furthermore,  of 
itself  it  exerts  a  remedial  influence. 

When  anaesthesia  exists  it  is  best  occasionally  to  use  the 
electric  brush  with  a  strong  faradic  current. 

Usually  nothing  is  gained  by  very  prolonged  applications  to 
the  genital  organs. 

Cases  that  are  accompanied  by  marked  debility  and  mental 
disturbances,  require  general  as  well  as  localized  electrization. 
We  have  seen  patients  improve  under  general  electrization  alone, 
when  no  special  reference  was  given  to  the  local  difficulty. 
In  cases  of  obstinate  hypK>chondriasis,  galvanization  of  the  sym- 
pathetic should  be  tried,  llie  dependence  of  the  reproductive 
function  on  the  brain  and  spinal  cord  and  sympathetic  is  so 
intimate,  that  any  beneficial  influence  directed  to  these  parts  may 
be  directly  felt  by  the  genital  organs  themselves. 

Electro-diagnosis. — Anasthesia  of  one  half  usually  the  left,  of 
the  penis,  is  a  condition  not  unfre  quently  observed  in  diseases  of 
these  parts.  This  may  be  detected  by  an  electric  examination  or 
by  the  aesthesiometer.  This  peculiarity,  which  was  first  pointed 
out  by  Schulz,*  we  have  observed  in  a  number  of  instances. 
With  anjesthesia  there  may  be  coldness  and  blueness  of  the  sex- 
ual organs.  Hypercesthesia  of  the  urethra  is  a  condition  that  is 
sometimes  observed,  especially  in  patients  otherwise  nervous  and 
irritable. 

Prognosis. — Seminal  emissions  and  spermatorrhoea  are  so  fre- 
quently complicated  with  other  conditions,  and  are  so  liable  to  be 
kept  up  or  aggravated  by  evil  habits,  that  uniform  results  are  not 
to  be  expected  from  any  method  of  treatment.  Electrization  is 
oftentimes  very  successful,  and  occasionally  obtains  immediate 

*  In  order  to  detect  the  slightest  anaesthesia  of  the  penis,  it  is  necessary  to 
be  familiar  with  the  normal  sensitiveness  of  the  organ  (see  p.  255).  At  the  end 
it  is  quite  sensitive  ;  this  sensitiveness  diminishes  towards  the  root.  The 
inferior  surface  throughout  its  whole  extent  is  more  sensitive  than  the  superior. 
Benedikt  afBrms  that  the  right  half  of  the  penis  and  the  right  spermatic  cord  are 
less  sensitive  than  the  left. 
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results,  but  usually  requires  time  and  patience.  The  symptoms 
are  prone  to  relapse,  and  not  until  after  a  number  of  weeks  is  it 
possible  to  decide  how  much  benefit  has  been  received.  Under 
the  combined  and  judicious  use  of  localized  and  general  electri- 
zation the  majority  of  cases  can  be  more  or  less  benefited. 

In  cases  where  there  is  morbid  sexual  desire — the  result  of 
abnormal  irritability  of  the  parts — one  of  the  first  signs  of  im- 
provement is  abatement  of  this  symptom.  The  patient  is  some- 
times alarmed  by  this  abatement,  and  unless  the  explanation  is 
made,  he  may  fear  absolute  impotence. 

VV'e  have  treated  12  cases  of  spermatorrhoea  and  seminal  emis- 
sions, some  of  which  were  and  others  were  not  complicated  with 
some  grade  of  impotence ;  of  these  4  cases  recovered,  4  were 
decidedly  benefited,  i  was  slightly  benefited,  2  were  not  bene- 
fited, and  in  one  case  the  result  is  unknown. 

IMPOTENCE. 

Impotence  manifests  itself  by  the  following  symptoms  :  — 

I.  Premature  ejaculation  of  semen. — With  this  symptom  the 
sexual  desire  and  power  of  erection  may  be  normal  or  diminished, 
or  in  some  cases  may  be  abnormally  active.  Cases  of  premature 
ejaculation,  accompanied  by  abnormal  sexual  desire,  are  obstinate 
to  treatment  on  account  of  the  difficulty  of  holding  the  patients 
in  proper  restraint.  Certain  chronic  diseases  of  the  si)inal  cord, 
as  locomotor  ataxy,  are  sometimes  attended  in  their  early  stages 
with  unnatural  and  excessive  activity  and  capacity  of  the  sexual 
function,  which  may  or  may  not  coexist  with  full  power  of  ejacu- 
lation. A  morbid  irritability  of  the  sexual  organs  may  precede 
any  of  the  phases  of  impotence.* 

Premature  ejaculation  of  semen  may  take  place  after  or  before 
entrance  into  the  vagina.  The  condition  is  pathological  whenever 
the  ejaculation  systematically  appears  too  early.     The  (quantity  of 

*  It  is  a  noteworthy  fact  that  certain  diseases  of  other  organs,  as  the  brain 
and  stomach,  may  be  attended  in  their  early  stages  by  imnatural  activity  or 
exaltation  of  function.  Thus  the  forming  stages  of  insanity  are  sometimes  pre- 
ceded and  foreshadowed  by  unusual  activity  and  brilliancy  of  mind,  and  in 
dyspepsia  morbid  appetite  is  frequently  a  prominent  symptom. 
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:l21  ti~^\  Ji  >!■:*  -risers  r^ir  re  eiiher  oormal  or  diminished. 
Pr«=iir_:re  eMv^liD.-^c  oc  5«k=k=:  =iiT  >?  soic  to  proceed  from  the 

2  J?:f€:%xTx-z  /•■  .si^r^-Zi.'^sx^jir  j/  ss.v^jJ  J^sire  and  power  of 
n-fjTi.^. — rin-erjT^  w.ii  ±i>  r'.xm  vC  dw  disease  complain  that 
dier  car.r.:c  "Izisr-Lpr  in  ±ie  sexj^  ac:  jls  frequently  as  usual,  or 
thai  ibeir  lower^  fail  :^aecr»  at  the  important  moment  The 
sem:r*il  zu:i  nsar  Sr  vriminifbev:  in  quanritr  on  account  of  the 
diiiiini>hev:  jcrl\in-  oc  the  tesciv-Iesw  c*r  in  some  cases  may  also 
deterionre  ir.  ; -.I'-'n'.  In  s;:vh  cases  the  ejaculation  may  be 
normal  and  the  er.;oymeRt  as  intense  as  usual :  the  abnormal 
5\-mp:o:n  beir^  incapicity  to  indulge  in  the  act  as  frequently  and 
widi  as  much  cor»r:dence  as  formeriy. 

?.  Ek::'-:'  .;>jyt.v  /'*  s^xajS  J^sire  an  J  .Vavr  of  erection. — This 
fonn  ot"  iaijv>:er.ce  arises  from  local  (xiralysis.  from  disease  of  the 
brain  and  spinal  cv^rvL  or  it  may  be  congenital  It  is  sometimes 
merely  an  advancevi  stage  of  the  two  symptoms  previously  named. 
In  |u::ents  thus  anected  the  seminal  secretion  is  reduced  to  a 
minimum*  and  frv^ai  long  disuse  the  testicles  and  penis  may 
become  more  oi  less  atrv^j^ieiL 

a.  /Vi.*c;.\i/,  **r  :r^,y^-:-:r.; /ijr.v/: -.v. —  rh:>  maladv,  so  familiar 

■  •  M  « 

to  all  meviiv  mI  a a\  istTs,  .ir.v:  >v>  vi:s:re>s:r.g  :o  i:>  subjects,  is  most 
frequently  found  in  w^iing  men  whv>  contemplate  or  desire 
marriage.  Ignorant  of  wha:  the  nonr.Al  sexual  ap^K*tite  should 
l>c,  they  ol'ieniimcs  supi^se  thai  in  their  case  it  is  deficient. 
Depressed  and  distractevl  l\v  self-brovxling,  they  sometimes  ful- 
fil their  own  dark  lorebovhngs,  and  tail  in  the  preliminary  attempts 
to  accomplish  the  sexual  act  through  the  ver>-  intensity  of  their 
desire. 

Causation. — Impotence  in  one  or  two  of  its  fonns  certainly  is 
frequently  but  a  more  advanced  stage  of  sc'mi/ia/  emissions,  and 
is  brought  on  by  the  same  general  causes — masturbation,  excessive 
sexual  indulgence,  prolonged  continence,  or  by  any  influence  that 
debilitates  the  svstem.  The  third  variety — entire  absence  of  sexual 
desire  and  power  of  erection — is  a  very  frev]uent  result  of  chronic 
disease  of  the  spine,  congestion,  meningitis,  myelitis,  degenera- 
tion of  the  posterior  columns  (locomotor  ataxy),  etc.     The  early 
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and  formative  stages  of  spinal  disease  may  be  accompanied  also 
by  the  first  and  second  varieties.  The  worst  cases  are  sometimes 
of  congenital  origin.  Impotence  may  also  result  from  purely 
local  or  peripheral  causes.  One  of  our  cases  was  evidently  of 
traumatic  origin.  In  another  a  too  prolonged  galvanization  of 
the  urethra  caused  an  impotent  condition  which,  though  temporary, 
was  very  alarming  to  the  patient.  The  theory  is  admissible  that 
impotence  may  be  of  a  reflex  character. 

Electro-diagnosis. — Electric  examination  in  cases  of  impotence 
sometimes  reveals  anaesthesia  of  one  side  of  the  penis,  or  hyper- 
iesthenia  of  the  urethra,  as  in  seminal  emissions.  In  the  worst 
stages  there  may  be  atrophy  of  the  testicles  and  of  the  penis,  blue- 
ness  of  the  parts,  and  great  diminution  of  temperature,  that  is  at 
once  perceptible  to  the  hand. 

Treatment. — The  electrical  treatment  of  impotence  may  be 
local,  central,  or  general.  (The  method  of  local  electrization  of 
the  genital  organs  given  under  seminal  emissions  (p.  511)  need  not 
be  here  repeated.) 

Internal  ai)i)lications  are  not  demanded,  except  sometimes  in  the 
treatment  of  the  worst  form.  In  the  local  treatment  special  atten- 
tion should  be  given  to  the  parts  supposed  to  be  mostly  at  fault. 
Thus,  diminished  seminal  secretion  should  be  treated  by  stable 
galvanization  or  faradization  through  the  testicles ;  premature 
ejaculation  through  the  i)crina2um  and  symphysis  pubis,  or  occasion- 
ally by  internal  applications  with  the  insulated  catheter  electrode. 

Central  applications  should  be  directed  to  the  head,  spinal 
cord,  and  sympathetic.  The  disease  so  frecjuently  arises  from,  or 
is  associated  with,  central  disease,  that  central  galvanization  or 
even  faradization  alone  is  sometimes  immediately  beneficial  with- 
out any  local  treatment  whatever. 

Oeneral  electrization  is  indicated  for  those  cases  that  are  accom- 
l)anicd  by  symj)toms  of  constitutional  debility,  anaemia  or  neuras- 
thenia. (General,  like  central  electrization,  is  of  great  service  in 
the  treatment  of  impotence,  even  without  the  aid  of  local  applica- 
tions. Indeed  our  attention  was  first  called  to  the  special  sub- 
ject of  the  treatment  of  these  conditions  by  the  fact  that  patients 
affected  with  other  diseases,  and   whom   we  treated  by  general 
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electrization,  remarked  a  surprising  increase  of  sexual  power,  even 
when  no  attention  was  directed  to  the  genital  organs. 

The  earliest  recorded  case  of  successful  treatment  of  impotence 
by  electricity  dates  back  to  1803,  when  Westring  of  Sweden  re- 
ported a  cure  in  two  weeks  of  a  patient  36  years  of  age,  by  means 
of  the  voltaic  pile,  which  had  been  discovered  three  years  pre- 
viously/ In  1845  Stacquez  reported  a  cure  of  a  case  of  several 
years*  standing,  in  a  patient  35  years  of  age,  by  means  of  a  Leyden 
jar.  Since  that  time  impotence  has  been  successfully  treated 
with  the  faradic  current  by  Duchenne,  with  the  galvanic  current 
by  Schultz  and  Roubaud,  Benedikt,*  and  Althaus.f 

Prognosis, — Surprising  as  it  may  seem,  the  prognosis  of  impo- 
tence, except  the  worst  stage,  under  electrical  treatment  is  better 
than  that  of  spermatorrhoea  and  seminal  emissions.  This  anom- 
aly is  accounted  for  by  the  fact  that  im])otent  patients,  from  the 
very  nature  of  their  malady,  are  unable  to  counteract  the  good 
effects  of  treatment  by  abuse  of  the  organs ;  the  exception  to 
this  rule  is  in  impotence  of  the  first  form,  attended  with  morbid 
sexual  desire.  In  impotence  as  in  seminal  emissions,  improvement 
in  cases  associated  with  abnormal  excitability  is  first  shown  by 
diminution  of  the  unnatural  desire.  Cases  not  too  long  standing, 
and  not  depending  on  incurable  central  lesion,  frequently  recover 
rapidly.  As  a  rule,  the  younger  the  patient,  the  better  the  prog- 
nosis. Cases  of  a  local  origin,  that  are  obstinate  against  all 
treatment,  are  the  exception.  Cases  that  result  from  chronic 
diseases  of  the  sj)ine  must  share  in  the  fate  of  those  diseases,  and 
improve  or  retrograde  with  them.  To  sum  up,  in  a  word,  we  may 
say  that  the  results  of  electrization  in  cases  of  impotence  are 
such  as  to  make  it  indispensable  for  those  cases  that  fail  to 
recover  spontaneously  or  by  general  tonic  medication. 

Of  II  cases  of  impotence  of  which  we  have  record,  3  recov- 
ered, T  approximately  recovered,  2  were  decidedly  benefited,  2 
were  slightly  benefited,  i  was  not  benefited,  and  in  2  cases  the  re- 
sults are  unknown. 

Aspermatism, — This  term  was  first  proposed  by  Roubaud  in 

*  Elektrotherapie,  454. 

\  Medical  Electricity,  second  edition,  p.  621. 
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1^55?  to  describe  a  condition  when  the  power  of  erection  exists 
witJwut  the  power  of  efaculation  of  semen.  The  semen  may  be 
secreted,  and  the  patient  may  even  be  annoyed  by  invokmtary 
emissions.  Dr.  William  H.  Van  Biiren,  in  a  short  article  on  this 
subject,*  suggests  the  theory  thai  the  difficulty  in  ejaculating  the 
semen  is  caused  by  "  an  exaggerated  spasmodic  contraction  of 
the  muscular  fibres  in  the  walls  of  the  ejaculatory  ducts,  leading 

to  their  occlusion  under  extreme  excitement." 

< 

If  this  theory,  which  is  surely  plausible,  be  accepted,  then  gal- 
vanization and  faradization  of  the  orifices  of  the  ejaculatory  ducts 
would  be  indicated  in  this  affection. 

Reasoning  from  analogy,  electrization  of  the  testicles  ought 
certainly  to  increase  the  seminal  secretion  ;  and  we  feel  confident, 
from  the  statements  of  patients  and  results  of  treatment,  that  it 
does  produce  this  result,  although  the  belief  is  one  that  is  (juite 
difficult  of  mathematical  demonstration.  We  know  that  the  elec- 
tric currents  applied  around  the  neck  increase  the  salivary  secre- 
tion, and  when  applied  through  the  mammary  glands  of  nursing 
women  markedly  increase  the  lacteal  secretion.  That  elec- 
trization of  the  liver  increases  the  flow  of  bile  we  have  several 
times  demonstrated  in  cases  of  jaundice  (see  p.  487),  since  under 
even  a  shorter  course  of  treatment  the  stools  resume  their 
natural  color,  and  the  yellowness  disappears  from  the  skin  and 
conjunctiva.  That  electrization  can  increase  the  lachrymal  nasal 
secretion  any  one  can  readily  demonstrate  by  making  a  short  ap- 
plication to  the  eyes  and  nose.  That  electrization  can  also  in- 
crease the  urethral  secretion  we  have  shown  in  two  very  striking 
cases.  These  remarks  apply  to  both  the  galvanic  and  faradic  cur- 
rents. 

Premature  ejacuhitijn  of  semen ^  probably  resulting  from  early  mastur- 
bation and  gonorrhoea  —Ifyperasthesia  of  the  urethra — Improvement  under 
successive  treatments  of  general  and  localized  faradization  and  galvani- 
zation. 

Case  132. — Mr. ,  aged  24,  consulted  us  Sept.  3d,  1867,  complaining  of 

inability  to  perform  the  marital  act  with  fiill  satisfaction.  The  emission  came 
too  soon,  and  his  wife  was  not  satisfied.     He  had  been  quite  recently  married. 

*  Xeiu  Vorh  Medical  journal,  "Sovemher,  1S6S. 
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His  desire  was  strong,  and  there  was  on  his  part  considerable  enjoyment  of 
the  se\ual  act.     The  patient  u-as  hypochondriacal,  dyspeptic,  and  constipated. 

The  little  discharjje  that  apjieared  at  the  end  of  the  penis  in  the  morning, 
was,  for  his  ^eas^u^ance,  submitted  to  Dr.  Wm.  B.  Lewis  for  microscopical  ex- 
amination. Xo  spermatozoa  were  found.  The  patient  was  treated  by  general 
faradization  for  his  nervous  irritability  and  h)'pochondriasis,  and  by  local  fara- 
dization and  galvanization  for  his  local  affection.  In  all,  twenty-five  applica- 
tions M.*ere  given  at  different  intervals  and  in  different  courses  of  treatment. 

The  results  were  not  at  once  satisfactory.  The  patient  was  so  self-absorbed, 
that  whatever  good  eflfects  might  come  from  the  treatment  were  counteracted 
by  his  evil  imaginings. 

The  final  result  ^i-as  quite  decidevl,  and  when  last  heard  from  the  patient 
remained  improveil. 

Diminution  of po^ocr  of  ertction — Seminal  emissions — Incontinence  of  urine — 
Slight  anesthesia  of  left  side  of  genitals — Approximate  recovery  under  lo- 
cal galranization  and  faradization ,  and  galvanization  of  the  sympathetic. 

Case  133. — Mr. ,  aged  30,  unmarried,  consulted  us  in  December,  1869. 

He  complainetl  that  he  was  unable  to  perform  the  sexual  act  as  frequently  as 
formerly;  that  seminal  emissions  frequently  appeared.  He  had  greatly  abused 
his  sexual  organs.      His  general  condition  was  fair,  and  his  constitution  strong. 

Electric  examination  of  the  genitals  showed  slight,  but  perceptible  anaes- 
thesia of  the  left  side  of  the  penis. 

The  patient  attended  two  or  three  times  a  week  for  three  months.  Various 
methods  were  used  ; — external  faradization,  galvanization  of  the  genitals,  internal 
galvanization  with  the  insulated  catheter  electrode,  galvanization  of  the  spine 
anJ  of  the  cervical  sympathetic.  Faradization  with  the  metallic  brush  was  em- 
l)loye  1.  The  anaesthesia  soon  disappeared,  but  the  improvement  in  the  other 
symptoms  was  sh>w.  The  patient  occasionally  testcvi  his  powers,  and  in  the 
course  of  twi)  months  remarkeJ  decided  advance,  although  he  was  at  one  time 
consideral>ly  discouraj^ed  by  the  fact  that  on  passing  a  half  hour  with  a  prosti- 
tute he  was  unable  to  j>erform  the  sexual  act  at  all.  This  difficulty  was  not 
observt^l  when  he  subsei]uently  spent  the  entire  night  with  a  woman.  His 
seminal  emissions  liecamc  le>s  frccjuent,  and  finally  ceased  to  l)ecome  a  patho- 
lo'^cal  indication.  The  final  result  of  the  treatment  was,  we  believe,  entirely 
salisfa':tt)rv. 

Premature  discharge  of  sctneu  luithout  pleasurable  sensation  ;  apparently  re- 
sulting from  sexual  excesses  and  secondary  syphilis — Slight  temporary  but 
no  permanent  improvement  under  faradization — Improvement  from  gal- 
T'anization. 

Cask  134. — Mr. ,  aged  28  or  30,  referred  to  us  by  Dr.  Buck,  in  Decem- 
ber,   186^,    represente.l    tliat   in    sexual   intercourse   the  discharge  appeared 
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almost  instantly  after  entrance  into  the  vagina,  and  with  scarcely  any  sen- 
sation of  pleasure.  He  had  suffered  from  secondary  syphilis,  and  had  com- 
mitted great  excesses.  Faithful  local  treatment  with  the  faradic  current  did 
very  little  good.  The  patient  soon  returned  and  was  treated  by  galvanization 
of  the  genitals  with  strong  currents,  with  slight  improvement. 

Impairment  of  sexual  desire  ;  associated  with  spinal  weakness,  dyspepsia^  in- 
somnia— Marked  increase  of  desire  after  treatment  by  general  faradiza- 
tion. 

Cask  135. — A  gentleman  of  50  years  of  age,  a  widower  for  several  years,  of 
spare  habit  and  nervous  constitution,  was  referred  to  us  in  April,  1868.  Be- 
sides the  general  symptoms  of  nervous  exhaustion,  insomnia,  dyspepsia,  the 
patient  represented  that  his  sexual  desire  was  so  far  abated  as  to  cause  him 
considerable  alarm.  There  was  at  times  quite  severe  pain  in  the  lumbar 
region,  which  was  probably  caused  by  hypcraemia  of  the  cord.  We  treated 
him  by  general  faradization  daily  for  four  weeks,  giving  special  attention  to  the 
spine  and  genital  organs.  Relief  to  the  pain  in  the  back  followed  each  sittmg, 
and  at  the  end  of  two  weeks  he  declared  that  his  sexual  power  had  increased 
so  much  that  he  preferred  to  have  no  more  attention  given  to  the  genital 
organs.  The  subsequent  treatment  was  directed  to  the  dyspepsia  and  insom- 
nia, with  moderately  satisfactory  results. 

In  this  case  the  enfeeblement  of  sexual  desire  was  doubtless  caused  mainly 
by  the  morbid  condition  of  the  spinal  cord,  and  by  the  general  exhaustion 
There  is  little  doubt  that  the  results  of  the  treatment  in  increasing  the  sexual 
ai)ixitite  would  have  l)een  the  same  if  no  special  attention  had  been  given  to 
the  genitals. 

Ncural^^ia  of  the  neck  of  bladder  folloiuing  gonorrhoea  —  Treat td  by  locai 
firadization — No  relief  of  the  disease,  but  marked  increase  )f  the  sexual 

power. 

Cask  136.— Mr. ,  an  English  gentleman,  40  years  of  age,  was  directed  to 

us  to  be  treated  for  a  kind  of  neuralgia  of  the  neck  of  the  bladder.  He  was  stout, 
finely  form«l,  very  muscular,  and  in  all  respects  healthy,  save  the  almost  con- 
stant but  not  very  severe  feeling  of  pain  and  irritability  procec<Hng  from  the 
neck  of  the  bladder  towards  both  thighs.  He  referred  the  difficulty  to  a  bad 
attack  of  gonorrha'a  a  number  of  years  previously,  but  there  was  no  difficulty 
in  voiding  urine,  and  examination  with  the  sound  revealed  no  stricture.  As 
tlic  patient  was  in  excellent  health  we  employed  mostly  partial  applications  with 
the  faradic  current,  placing  the  positive  pole  al)ove  the  pubes,  or  pressing  it 
firmly  against  the  perinxum,  while  the  patient  stood  on  a  sheet  of  copper,  to 
which  was  attachetl  the  negative  pole.  Sometimes  we  localized  the  current 
around  the  neck  of  the  bladder  as  nearly  as  possible  by  placing  one  electrode 
against  the  prostate  and  pre-vsing  the  other  over  the  pubes. 
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The  result  of  this  treatment,  so  far  as  relieving  the  irritability  of  the  neck  of 
the  bladder  was  concerned,  was  not  satisfactory.  The  patient  received  but 
four  or  five  applications  and  becoming  disheartened  because  a  disease  of  four- 
teen years*  continuance  did  not  yield  in  as  many  days,  abandoned  the  treatment. 
He  reported,  however,  immediately  after  the  first  application,  that  there  was 
con>iderable  increase  of  the  sexual  power,  and  that  the  quantity  of  fluid  secreted 
was  greater  than  usuaL  He  remarked  the  same  at  each  succeeding  application, 
although  the  electrodes  were  not  applied  directly  to  the  testes.  Other  patients 
upon  whom  we  have  employed  general  electrization  for  various  afiections  have 
made  substantially  the  same  confession.  Therefore  we  seem  to  be  justified  in 
inferring  that  the  same  effects  are  experienced  and  realized  by  many  who  do  not 
care  to  acknowledge  it. 

Chronic  irritabiiity  of  bhidder,  with  debility,  treated  by  general  faradization, 
with  special  reference  to  the  genitcd  organs —  Very  marked  increase  of  sexual 
pjwer. 

Case  137. — Mr. ,  aged  38,  of  medium  height  and  very  spare,  came  to  us 

in  October,  1866,  desiring  to  test  the  power  of  electrization  for  a  chronic  irri- 
tability of  the  bladder  that  had  harassed  him  at  intervals  for  several  years.     The 
amount  of  pain  was  not  great,  but  there  were  perpetually  recurring  attacks  of 
uneasiness  in  that  locality,  and  sometimes  after  standing  many  hours  (he  was  a 
bookkeeper)  there  was  a  sense  of  weight  and  heaviness  that  kept  him  in  a  db- 
agreeable  state  of  consciousness  of  the  existence  of  his  genital  system.     His 
general  health  was  only  fair,  and  we  decided  to  make  the  applications  general. 
Accordingly,  he  placed  his  feet  on  the  sheet  of  copper  to  which  the  negative 
pole  was  attached,  wliile  the  moistened   hand  was  applied  over  the  bo-^y  from 
the  head  to  the  feet.     The  immetliate  effect  was  to  subdue  the  local  irritation, 
and  exhilarate  the  entire  system,  so  that  the  patient  left  the  office  in  excellent 
spirits.      He  returned  again  in  three  weeks,  and  reported  there  had  been  some 
recurrence  of  the  difficulty,  but  that,  on  the  whole,  he  had  felt  better.      The 
sexual  appetite  and  |>ower  had  been  so  much  increased  as  to  excite  his  wonder- 
ment.    He  continued  to  visit  us  from  time  to  time  for  a  number  of  weeks,  with 
a  rej>etition  of  the  same  effects,  viz.,  relief  of  the  irritation  and  increase  of  sex- 
ual jKiwer.       In  this  case  we  sometimes  applied  the  sponge  directly  against 
the  scrotum. 

Diminution  of  power  of  erection  in  a  married  man  in  the  prime  of  life — 
Cephalalgia  and  debility — Rccoz'cry  under  general  faradization. 

Case  138. — Mr. ,  a  merchant  in  the  prime  of  life,  and  to  all  appearances 

enjoying  excellent  health,  consulted  us  for  inability  to  perform  satisfactorily  the 
act  of  coition.  This  inability  did  not  involve  an  absence  of  sexual  desire,  but 
simply  a  want  of  power  to  obtain  and  retain  an  erection.  This  gentleman  had 
a  family  of  several  children,  and  since  his  marriage,  many  years  before,  had  led. 
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according  to  his  statement,  a  correct  and  regular  life.  He  attributed  this  pre- 
mature decline  to  early  excessive  indulgence  and  abuse  of  the  generative  func- 
tion. His  outward  appearance  belied  his  general  condition,  for  he  suffered 
much  from  headache,  and  oftentimes,  on  rising  in  the  morning,  from  consider- 
able enervation. 

General  electrization  was  decided  on  and  given,  together  with  local  appli- 
cations. He  continued  treatment  for  three  weeks,  receiving  an  application 
every  other  day.  The  result  was  entirely  satisfactory.  His  general  condition 
was  so  much  improved,  and  the  vigor  of  his  sexual  organs  was  so  much 
increased,  that  he  was  enabled  to  complete  the  marital  act  as  satisfactorily  as  in 
his  youth. 


Imfwtence  of  twenty  years*  standing  caused  by  local  paralysis — Numbness 
and  coldness  of  the  parts —Deficient  power  of  erection — Slight  seminal 
secretion — No  improvement  under  galvanization  and  faradization. 

Case  139. — Mr.  — — ,  aged  44,  was  sent  by  Dr.  Jerome  Smith  to  be  treated 
for  im|X)tence  of  nearly  twenty  years*  standing.  When  but  17  years  old  he 
contracted  gonorrhoea,  and  at  the  age  of  25  was  attacked  by  syphilis.  At  that 
time  he  led  a  very  dissipated  life,  and  no  sooner  was  an  attack  of  this  disease 
apparently  cured  than  he  forthwith  subjected  himself  to  another.  During  the 
last  attack  the  solid  caustic  had  been  introduced  into  the  urethra.  This  cauter- 
ization produced  excessive  inflammation  and  pain,  and  was  followed  by  com- 
plete impotence,  associated  with  a  feeling  of  numbness  and  coldness  in  the 
penis.  He  had  tested  nearly  all  remedies,  and  at  one  time,  by  the  advice  of 
Dr.  Brown-Sequard,  he  had  used  hot  and  cold  douches,  but  all  without  avail. 
When  he  came  to  us  the  penis  was  quite  cold,  and  much  below  the  natural 
size.  Erection  was  occasionally  possible,  but  he  was  never  able  to  accomplish 
the  marital  act.  The  testes  were  of  an  almost  natural  size,  and  when  the  penis 
was  artificially  excited,  a  small  amount  of  semen  would  appear.  The  penis 
was  apparently  paralyzed,  and  the  impotence  was  manifestly  due  to  that  cause 
more  than  to  the  want  of  seminal  secretion.  The  patient  was  a  stout,  hardy, 
vigorous  man,  of  a  full  habit,  and  quite  a  free  liver,  and  neither  in  his  counte- 
nance nor  in  his  general  bearing  betrayed  the  slightest  effects  or  even  conscious- 
ness of  his  affliction. 

Four  applications  of  the  faradic  current  were  given,  with  the  effect  of  tempo- 
rarily increasing  the  warmth  of  the  penis,  and  nothing  more.  The  galvanic 
current  was  then  tried.  It  increased  the  circulation  in  the  penis,  and  conse- 
(luently  heightened  the  temperature  more  than  the  faradic  current,  but  no  per- 
manent benefit  resulted.  Our  patient  then  discontinued  the  treatment,  owing 
to  the  pressure  of  his  business  engagements.  He  would  have  persevered,  how- 
ever, if  we  had  felt  warranted  in  holding  out  reasonable  chances  of  a  successful 
result  from  a  long  course  of  electrization. 
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Premature  dixkarge  and  di^cunt  secrftMm  of  semen^  caused  by  excessive 
sexual  indulgence — ReL\iz'ery  under  external  and  internal  galvanization 
and  faradization^  etfmhined  "with  medical  treatment. 

Case  14a — Mr. ,  aged  27,  formerly  a gjumast  and  latterly  a  printer,  con- 
sulted us  in  May,  iSjo*  for  sexual  weakness  brought  on  by  abuse  of  the  organs. 
The  discharge  ^-as  premature,  and  with  less  excitement  than  usual,  and  there 
was  a  manifest  deticieno'  of  secretion.  The  patient  was  exceedingly  muscular, 
and  his  general  health  was  almost  perfect.  For  that  reason  only  local  treat- 
ment was  employed.  The  organs  were  faradized  in  the  various  methods  twice 
a  week,  and  once  a  week  internal  galvanization  was  employed,  the  metallic 
extremity  v>f  the  catheter  electrode  being  directed  as  near  as  possible  to  the  ori- 
fices of  the  ejaculatory  ducts..  At  the  same  time  the  patient  was  directed  to 
take  a  mixture  of  bromide  of  potassium  and  wine  of  ergot.  Under  this  com- 
bined treatment  the  recovery  was  com[4ete  in  twenty-hve  applications. 

During  the  latter  fart  of  the  treatment  the  patient  obsert'ed^ 
during  sexual  intercourse^  a  very  great  increase  in  the  quantity  of 
semen  discharged.     This  might  partly  be  attributed  to  the  current, 
since  the  bromide  of  potassium  would  have  a  contrary  effect. 

DISEASES   OF   THE    BLADDER. 

The  diseases  of  the  bladder  for  which  electrization  is  chiefly  em- 
ployed are  incontinence  of  urine  and  paralysis. 

Incontinence  of  urine  depends  on  an  irritable  condition  of  the 
neck  of  the  bladder.  While  it  largely  sympathizes  with  other  dis- 
eases and  the  general  health,  being  frequently  associated  with  hyste- 
ria and  spinal  irritation,  it  is  yet  oftentimes  a  purely  local  affection. 
There  are  various  grades  of  the  disease,  from  simple  irritability  that 
makes  it  necessary  to  pass  the  water  with  unusual  frequency,  to 
utter  inability  to  sleep  through  the  night  without  unconsciously 
*'  wetting  the  bed."  The  former  condition  exists  mostly  in  adults 
—especially  in  the  hysterical  and  the  aged  ;  the  latter  is  peculiar 
to  the  period  of  childhood.  It  is  |)robal)le  that  the  pathological 
condition  in  children  who  nightly  void  their  urine  in  bed,  is  not 
necessarily  worse  than  that  in  adults  who  only  complain  of  being 
obliged  to  ])ass  the  water  with  abnormal  fre(iuency.  The  unplea- 
sant results  in  children  are  due  to  their  profound  sleep  or  deficient 
self-control.  That  the  pathological  condition  in  children  is  not 
always  of  an  imj)ortant  character,  is  proved  by  the  fact  that  it 
sometimes  yields  to  purely  moral  influences. 
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In  the  treatment  of  incontinence  of  urine,  both  external  and 
internal  applications  may  be  used.  In  the  majority  of  cases  the 
internal  applications  by  means  of  the 
catheter  electrode  (p.  511)  are  not 
required.  It  is  needless  to  say  that  in 
young  children  the  introduction  of  the 
catheter  electrode  is  attended  with  diffi- 
culty. The  treatment  we  prefer  is  far- 
adization with  strong  currents  through 
the  neck  of  the  bladder.  In  males  one 
pole  may  be  placed  over  the  symphysis 
pubis,  and  the  other  at  the  perinjeum  ; 
in  females  one  pole  may  be  applied 
over  the  symphysis  pubis  and  the  other 
at  the  lower  part  of  the  sacrum.  Cases 
associated  with  hysteria,  or  dependent 
on  spinal  disease,  need  central  and 
general  electrization. 

Prognosis. — The  prognosis  of  young 
and  recent  cases  is  usually  good.  Long 
standing  cases  also  yield,  but  need 
corresi)ondingly  longer  treatment. 
Cases  comi)licated  with  constitutional 
or  central  disease,  which  are,  of  course, 
mostly  found  in  adults,  have  either  a 
favorable  or  unfavorable  prognosis, 
according  to  the  nature  of  the  malady 
with  which  they  are  complicated. 

Paresis*  and  paralysis. — Paresis  and  paralysis  of  the  bladder 
so  frequently  depend  on  incurable  diseases  of  the  spine,  that  the 
prognosis  is,  as  a  rule,  unfavorable  as  regards  a  complete  cure. 
Relief  and  improvement,  even  in  very  bad  cases,  may  be  gained 
by  faithful  treatment,  but  entire  recoveries  are  exceptional. 

The  treatment  should  be  external  and  internal,  with  both  the 
galvanic  and  faradic  currents,  combined  with  central  galvani- 
zation. 


CLOSED. 


OPEN. 


Fir.s.  82.  83.— Double  Vesical  Ex- 
citur  or  Vllectrodc  (Duchenne). 


*  From  irupcffif,  exhaustion. 
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External  applications  may  be  made,  placing  one  pole,  the  ne- 
gative, over  the  symphysis  pubis  and  the  other  on  the  back,  and 
passing  very  strong  faradic  currents  with  interruptions. 

Internal  applications  may  be  made  either  with  the  insulated 
catheter  electrode,  or  with  Duchenne's  double  vesical  electrode 

(P-  523)- 
The  catheter  electrode  may  be  connected  with  the   negative 

pole  while  the  positive  is  at  the   hypogastric   region  or   back. 

By  means  of  the  double  exciter  of  Duchenne  the  current  can  be 

more  exclusively  localized  in  the  muscles  of  the  bladder  than  by 

any  other  method. 

DISEASES    OF   THE    RECTUM. 

Electrization  has  been  used  for  prolapsus  ani,  paralysis  of  the 
sphincter^  and  hemorrhoids. 

The  current  can  be  very  well  localized  in  the  rectum  by  means 
of  a  rectal  electrode  (see  p.  484),  which  may  or  may  not  be  partly 
insulated.  The  rectum  may  also  be  treated  by  a  double  rectal 
exciter,  analogous  to  that  which  is  used  in  the  bladder.  When  a 
single  electrode  is  used,  one  of  the  poles  should  be  placed  on  the 
spine. 

Prognosis.' — Paralyses  of  the  si)hincter  that  depend  on  local 
disease,  like  paralysis  of  the  bladder  depending  on  the  same  cause, 
rarely  offer  a  perfectly  favorable  prognosis. 

In  prolapsus  ani  Benedikt  *  claims  a  few  mostly  good  results. 

*  Op.  cit.,  p.  482. 


CHAPTER  XXXI. 

DISEASES   OF    THE  LARYNX, 

The  disease  of  the  larynx,  for  which  electrization  has  been 
almost  exclusively  used,  is  apJwniay  a  condition  which  arises  from 
many  morbid  states. 

ANAEMIA   AND    INFLAMMATION. 

It  is  true  that  external  electrization  of  the  throat  is  of  service  as 
an  adjunct  in  the  treatment  of  inflamed  and  irritable  conditions 
of  the  larynx,  but  only  in  rare  cases  has  it  been  thus  employed. 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  effect  in  din:inishin[x 
the  irritation  produced  by  cauterization,  and  when  continued 
exerts  a  tonic  influence  on  the  organ.  In  cases  of  diseases  of  the 
larynx,  connected  with  hysteria  or  anaemia,  the  local  treatment 
is  materially  aided  by  general  electrization.* 

Subacute  and  chronic  inflammations  of  the  pharynx  are  also 
treated  with  some  success  in  the  same  way,  and  on  the  same 
principles. 

Method  of  external  electrization. — The  larynx  may  be  electrized 
externally  by  various  positions  of  the  electrodes.  One  pole 
may  be  placed  at  the  back  of  the  neck  and  the  other  just  above 
the  manubrium  sterni,  or  the  poles  may  be  pressed  against  the 
larynx  by  the  inner  border  of  the  sterno-cleido-mastoid  muscle, 
or  one  of  the  poles  may  be  in  the  hand  of  the  patient.  These 
methods  are  best  adapted  for  the  purposes  of  producing  a  seda- 
tive or  tonic  effect  on  the  inflamed  and  irritated  membranes.  We 
have  fre(iuently  used  this  treatment,  for  about  five  minutes  after 
the  application  to  the  larynx  of  irritating  caustics,  with  satisfactory 
results,  f    There  is  no  (question  that  the  faradic  current,  employed 

*  See  ToboUrs  Chronic  Diseases  of  the  Larynx,  translated  by  Dr.  Beard. 
1868,  p.  166. 
t  Sec  introduction  to  Translation  of  Tobold,  pp.  63-70. 
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perseveringly  by  these  methods,  and  in  cases  of  anaemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish 
something  in  anaemia,  subacute  inflammations,  and  nervous  debi- 
lity of  larynx. 

APHONIA. 

There  are  few  local  disoidei^  mat  yield  more  uniformly  or 
readily  to  any  method  of  treatment  than  aphonia  to  electrization. 
In  order,  however,  to  form  a  correct  idea  of  its  value  in  these 
cases,  or  to  intelligently  comnmnicate  the  results  of  electrical 
treatment,  it  is  necessary  to  have  not  only  a  knowledge  of  the 
general  nature  of  the  disease,  but  to  appreciate,  so  far  as  possible, 
the  exact  pathological  condition  of  each  individual  case.  Above 
all,  it  is  necessary  to  decide  whether  the  symptom  is  of  an  organic 
or  of  the  so-called  functional  character.  Mackenzie,  who  has  had 
an  extended  experience  in  nervous  affections  of  the  larynx,  and 
their  treatment  by  electrization  and  otherwise,  adopts  the  following 
nomenclature  of  the  paralysis  of  the  muscles  acting  on  the  vocal 
cords :  * 

1.  Bilateral  paralysis  of  the  adductors, 

2.  Unilateral  paralysis  of  the  adductors. 

3.  Bilateral  paralysis  of  the  abductors. 

4.  Unilateral  paralysis  of  an  abductor. 

5.  Paralysis  of  the  tensors. 

6.  Paralysis  of  the  laxors. 

Theyfr.f/  of  the  above-mentioned  pathological  contlitions  of  aphonia  is  sup- 
posed to  depend  most  frecjuently  ujx)n  hysteria  and  debility,  and  readily  yields 
to  treatment.  In  these  cases,  however,  which  are  too  fretjuently  but  the  local 
manifestation  of  a  constitutional  disorder,  it  has  been  our  custom  to  rely  on 
general  as  well  as  localizeti  electrization. 

Central  difficulty  is  rarely  a  cause  of  bilateral  paralysis  of  the  adductors,  but 
it  is  not  uncommon  in  certain  stages  of  phthisis.  In  37  cases  of  phthisis,  ex- 
amined by  Mackenzie,  in  which  the  voice  was  affected,  he  found  that  in  26 
there  was  thickening  or  congestion  of  the  mucous  membrane  of  the  larynx, 
while  in  11  the  affection  was  purely  functional.  Aphonia,  then,  coexisting 
with  pulmonary  tuberculosis,  may  often  be  readily  relieved  by  local  treatment 
alone. 

*  On  the  Laryngoscope,  &c.,  p.  183.  Also  Hoarseness,  Loss  of  Voice,  and 
Stridulous  Breathing,  in  Relation  to  Nervo-muscular  Affections  of  the  Larynx. 
186S. 
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Hysteria  and  debility  are  not  so  frequently  the  cause  of  unilateral  paralysis  of 
the  adductors  as  of  the  first-named  condition.  This  second  cause  of  aphonia, 
however,  may  l)e  due  not  only  to  phthisis,  but  to  toxoeniic  poisoning,  to 
svphilis,  to  cold,  to  muscular  strain,  and  even  to  cerebral  disease.  We  would 
naturally  infer  that  this  form  of  aphonia  would  ht  more  persistent  than  the 
first -named. 

0 

Clinical  experience  has  confirmed  this  inference. 

Bilateral  paralysis  of  the  abductors  of  the  vocal  cords  has,  unfortunately  for 
its  causation,  in  the  majority  of  cases,  some  central  difficulty. 

The  prognosis  is  of  course  most  serious,  but  fortunately  this  condition  is  very 
rarely  met  with.  Unilateral  paralysis  of  an  alxluctor,  although  depending  on 
the  same  general  cause  as  the  bilateral  form,  yet,  more  frequently  than  the  last- 
named,  it  is  excited  by  some  peripheral  irritation,  as  pressure  on  the  pneumo- 
gastric  nerve,  or  u|XDn  one  recurrent  nerve,  by  an  aneurism  of  the  arch  of  the 
aorta.     The  prognosis  in  these  cases  is  also  unfavorable. 

Paralysis  of  the  tensors  and  laxors  (both  the  bilateral  and  unilateral  form) 
are  supposed  to  result,  in  the  majority  of  cases,  from  a  too  prolonged  or 
violent  use  of  the  voice.     Both  arc  said  to  be  quite  amenable  to  treatment. 

Laryngoscopic  examination  reveals  the  following  conditions  of  the  vocal  cords 
in  the  above-mentioned  forms  of  paralysis. 

1st.  Bilateral  paralysis  of  the  adductors. — Here,  when  the  patient  attempts 
to  say  "a,"  **  e,"  or  **  o,"  the  cords  do  not  approximate,  although  they  may 
approach  each  other  somewhat. 

2d.  Unilateral  paralysis  of  the  adductors, — In  attempting  to  speak,  the 
vocal  cord  affected  remains  at  the  side  of  the  larvnx,  while  the  other  one  is  seen 
to  move  as  usual  towards  the  me<lian  line.  The  mucous  membrane  of  the 
cord  is  frequently  congestetl,  and  if  cerebral  difficulty  exists  some  of  the  sur- 
rounding parts,  as  the  tongue  or  palate,  may  be  paralyzed. 

3d.  Bilateral  paralysis  of  the  abductors.- -\ii  this  discouraging  condition  the 
cords  approximate  so  that  the  ai)erture  between  them  is  very  slight  indeed. 
In  forced  inspiration  they  sometimes  approximate  completely,  while  in  forced 
expiration  they  recede  a  little  from  the  mwlian  line. 

4th.  Unilateral  paralysis  of  the  abductors. — During  inspiration  the  vocal 
cord  affected  is  not  drawn  aside,  while  the  other  recedes  as  usual  from  the 
median  line. 

In  both  forms  of  paralysis  of  the  abductors  tracheotomy  is  to  be  performed 
when  the  symptoms  Ixjcome  so  serious  as  to  endanger  life. 

5  th.  Paralysis  of  the  tensors. — During  phonatit)n  the  vocal  cords  are 
not  sufficiently  stretched.  It  can  l)e  seen  that  the  surface  of  the  vocal 
cords  are  not  jx:rfcctly  horizontal,  and  the  processus  vocalis  cannot  be  seen. 
The  cords  also  are  by  no  means  drawn  so  completely  aside  as  in  the  healthy 
state. 

6th.  Paralysis  of  the  laxors.— The  cords  are  seen  to  be  unusually  tense,  and 
generally  slightly  congested. 
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Spasm  of  the  muscles  controlling  the  vocal  cords  is  an  additional 
cause  of  aphonia. 

Our  experience  in  the  treatment  of  the  disease  under  consider- 
ation has  been  quite  limited.  The  few  cases,  however,  that  have 
fallen  under  our  care  seem  to  confirm  the  admirable  results  by 
Mackenzie  and  a  few  others. 

Treatment. — Mackenzie's  method  is  to  make  the  application 
directly  to  the  cords  by  means  of  laryngeal  electrodes  (p.  530) 
devised  by  him. 

He  uses  the  faradic  current. 

The  direct  application  of  electricity  to  the  vocal  cords  is  un- 
doubtedly more  efficacious  in  restoring  loss  of  voice  than  simple 
external  application.  This  latter  method  is,  however,  underrated 
when  it  is  said  that  it  ^^  seldom  restores  the  voice  when  it  has  been 
lost  any  length  of  time." 

Several  cases  that  we  have  treated  at  various  times  illustrate 
very  decidedly  the  beneficial  results  that  may  follow  external 
applications,  even  in  cases  where  the  disorder  has  persisted  several 
months.  We  are  the  more  gratified  to  be  able  to  make  this 
statement  from  the  fact  that  the  external  is  much  more  readily 
performed  by  the  operator  than  the  internal  application,  and  is  far 
more  agreeable  to  the  patient.  It  is  far  better  at  first,  in  all  ordi- 
nary cases,  to  make  use  of  the  external  method ;  and  if  it  does 
not  succeed,  it  is  time  enough  to  resort  to  the  direct  application. 
The  instrument  of  Mackenzie  is  thus  described  in  his  own 
words  : — 

"It  consists  of  two  parts,  viz.,  the  necklet  which  the  patient 
wears,  and  to  which  one  chain  of  the  battery  is  attached,  and  the 
laryngeal  electrode  itself,  which  is  connected  with  the  other  con- 
ductor. The  electrode  is  so  constructed  (see  cut)  that  the 
current  does  not  pass  beyond  a  certain  point  until  the  pole  is 
seen,  in  th^  laryngeal  mirror,  to  be  upon  the  vocal  cords,  when 
the  operator  touches  a  little  spring  in  the  handle,  and  the  current 
immediately  passes  through  the  laryngeal  muscles.  The  necklet 
should  be  worn  rather  low,  so  that  it  covers  the  sides  of  the  cri- 
coid cartilage,  and  the  space  between  it  and  the  thyroid.  In  this 
way  the'lateral  adductors  of  the  cords  (crico-arytenoidei  laterales) 
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can  be  most  easily  reached ;  and  the  arytenoideus  proprius,  or 
central  adductor,  may  be  electrified  by  placing  the  pole  on  the 
posterior  surface  of  the  arytenoid  cartilages. 

"  I  generally  keep  the  pole  in  the  larynx  for  three  or  four  sec- 
onds each  time  it  is  introduced,  and  pass  a  succession  of  short 
rapid  shocks  through  the  larynx ;  and  at  each  sitting  I  apply  the 
pole  to  the  interior  of  the  larynx  three  or  four  times." 

Mackenzie  is  of  the  opinion  that  the  effects  are  of  a  reflex  as 
well  as  direct  character. 

Meyer*  reports  successful  results  in  the  treatment  especially  of 
hysterical  aphonia  by  the  electric  moxa,  applied  to  the  larynx. 

Some  of  his  cases  were  cured  by  a  single  application,  in  others 
a  course  of  tieatment  was  required.  Tobold  speaks  favorably  of 
the  electric  moxa  in  hysterical  aphonia.  It  should  be  borne  in 
mind  that  in  hysterical  aphonia  any  form  of  irritation,  external  or 
internal,  electrical  or  otherwise,  may  cause  instantaneous  cure. 
Some  of  the  most  brilliant  achievements  of  mesmerizers  and  of 
those  who  practise  laying  on  of  hands  and  other  flummeries,  have 
been  made  in  hysterical  aphonia. 

Kind  of  current  to  be  employed. — For  electrization  of  the  la- 
rynx, externally  and  internally,  both  currents  have  been  used  with 
success.  Mackenzie  used  chiefly  the  faradic  current  of  a  magneto- 
electric  (rotary)  machine,  for  the  reason  that  he  had  no  magneto- 
electric  apparatus  that  was  always  reliable.  He  has  obtained  good 
results  with  both  forms  of  faradic  apparatus. 

On  the  comparative  value  of  the  galvanic  and  faradic  currents 
in  the  treatment  of  aphonia,  Tobold  f  thus  remarks  : — 

"  Although  I  have  frecjuently  demonstrated  the  good  results  of 
the  induced  (faradic)  current  m  many  cases  of  paralysis,  yet  I 
cannot  deny  that  its  working  is  sometimes  very  protracted  or  ut- 
terly inefficacious.  I  have,  therefore,  for  a  longer  time  used  the 
constant  (galvanic)  current  in  the  various  forms  of  paralysis  of 
the  glottis,  and  can  truly  say  that  its  effect,  especially  in  phonic 
paralysis,  is  often  speedy,  and  that  it  often  produces  comparatively 

*  Op.  cit.,  p.  436  ct  sc<i. 
t  Op.  at.,  p.  19a 
23 
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quick  results,  when  the  induced  (faradic)  current  is  imsatisfactory 
or  negative." 
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Dr.  Louis  Elsberg  of  this  city  states  that  he  has  used  both  cur- 
rents at  the  same  time  (localized  galvano-faradization)  in  the 
treatment  of  aphonia.* 

IRRITATION    OF   THE    MUSCLES   OF  THE    LARYNX,  f 

Crico-thyroid, — This  muscle  may  be  caused  to  contract  by  ap- 
plying pointed  electrodes  by  the  conoidal  ligament.  The  effect 
of  the  contraction  is  to  cause  the  annular  and  thyroid  cartilages 
to  approach  each  other. 

Arytenoid  Transverse^  at  the  posterior  surface  of  the  ary- 
tenoid cartilages.  The  effect  of  the  contraction  of  the  muscles 
is  to  cause  the  cartilages  to  approach  each  other. 

Crico-arytenoid  and  Thyro-arytenoid  muscles^  in  the  sinus 
pyriformis,  between  the  posterior  border  of  the  thyroid  cartilages 
and  the  plate  or  surface  of  the  cricoid  cartilages. 

Crico-arytenoid  Posterior  (dilator  of  the  glottis),  downward 
and  backward  from  the  sinus  pyriformis. 

Crico-arytenoid  lateralis^  in  the  sinus  pyriformis  on  the  exterior 
border  of  the  surface  of  the  annular  cartilage.  Contraction  of 
these  muscles  produces  rotation  of  the  cartilages  of  the  larynx, 
with  movement  of  the  vocal  cord  toward  the  median  line. 

Thyro-arytenoid^  beneath  the  anterior  superior  border  of  the 
crico-arytenoideus  lateralis.  Contraction  of  this  muscle  brings 
the  cartilages  of  the  larynx  forward  and  downward,  and  narrows 
the  glottis. 

Thyroepiglottic  and ary-epiglottic  muscles^  at  the  border  of  the 
epiglottis. 

Prognosis  in  Aphonia, — The  prognosis  in  aphonia  depends  en- 
tirely on  the  pathology.  In  functional  (bilateral  paralysis  of  the 
adductors)  aphonia  the  prognosis  is  more  favorable  than  in  almost 
any  other  disease  that  is  known  to  science.  The  majority  of 
cases  will  recover,  whether  external  or  internal  applications  are 
used,  although  Mackenzie  contends  that  the  recovery  is  much 
surer  and  speedier  when  only  external  applications  are  used.     He 

*  Physician  and  Pharmaceutist,  voL  l  No.  i. 

f  The  subject  of  direct  electrization  of  the  laryngeal  muscles  has  been  studied 
by  Ziemssen.     Elektricitat  in  der  Medicin,  1866. 
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says  out  of  rnori.'  tliaii  hvo  hundred  such  cases  he  has  succeedetl 
in  all  except  four.  In  some  of  these  cases  the  aphonia  was  of  six, 
seven,  and  eight  years'  standing. 

In  iinilaferal paralysis  of  the  adductors  the  prognosis  is  good 
when  the  origin  is  lucil  and  bad  when  it  is  central. 

In  bilateral  paralysis  of  the  abductors  antl  unilateral  paralysis 
pf  till-  ahdmtar  the  prugno.sis  is  unfavorable. 

In  paralysis  of  the  tensors  of  tlu  vocal  cord  the  prognosis  ia 
nsu.illy  favorable. 

In  paralysis  of  the  laxors  of  the  vocal  cord  the  prognosis  is 
on  the  whole  favorable,  but  much  rime  is  required. 

Oar  friend,  Dr.  F.  I.  Knight,  of  Boston,  who  has  given  this  sub- 
ject special  attention,  writes  us  as  follows  : — 

"in  esses  of  fund  ianat  aphonia  anjing  from  bitateril  paral<f  ^s  of  the  mosdn 
dosinj  ihe  glutlK  ""il  re^ulaling  the  tendon  ot  the  card&,  the  upplidtion  of 
the  electric  current  (one  pole  being  placed  within  the  larynx}  almost  never 
fiiils  lo  effect  a  cure  sooner  or  later.  in  many  cases  it  seems  to  be  of  no 
con^uence  wliat  current  is  used,  a  speedy  and  sornetimes  immedUle  cure 
lieinn  cffeclni  Ihrougli  rcHex  action.  Tiicre  axe  other  coses,  however,  coming 
imrlcr  lhi«  general  cla»),  in  which  the  muscles  seem  to  have  become  weakened, 
an!  ill  which  Tinrmal  action  is  restored  only  after  prolonged  I; 
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party  of  young  friends  on  one  of  our  rivers.  She  had  for  some  lime  previously 
complained  of  slight  irritation  of  throat,  but  it  caused  but  little  annoy- 
ance. The  evening  was  somewhat  damp,  and  the  patient  carelessly  uncovered 
her  head  during  the  whole  time  the  party  remained  in  the  boat.  While  sing- 
ing, and  endeavoring  to  strike  a  very  high  note,  she  felt  as  if  something  in  her 
throat  had  "relaxed  or  suddenly  given  way."  For  one  week  she  remained  so 
completely  aphonic  that  she  could  not  utter  an  intelligent  word.  In  the  course 
of  another  week,  however,  she  could  speak  at  times  so  as  to  be  understood, 
but  only  with  considerable  difficulty,  and  not  above  a  very  feeble  whisper.  At 
this  point  all  improvement  ceased,  and  no  form  of  medication,  or  external  or 
internal  application,  seemed  to  be  of  any  benefit  whatever.  Laryngoscopic 
examination  revealed  the  following  condition  of  the  parts  affected.  On  at- 
tempting to  speak  the  right  vocal  cord  remained  almost  if  not  quite  motion- 
less, while  its  fellow  approached  the  median  line.  It  was  evident  from  the 
feeble  and  imperfect  working  of  the  left  cord  that  it  also  was  considerably  in- 
volved and  doubtless  had  l)een  completely  paralyzed.  The  surrounding  tissues 
were  considerably  congested. 

The  negative  electrode  was  placed  upon  the  spine,  between  the  shoulder- 
blades,  and,  using  our  fingers  as  electrodes,  we  passed  a  steady  current  through 
the  neck  for  about  ten  minutes.  At  the  conclusion  of  the  stance  the  patient 
could  speak  in  quite  a  loud  whisper,  and  a  second  examination  with  the  laryngo- 
scope revealed  the  fact  that  the  right  vocal  cord  perceptibly  approached  the 
median  line  during  the  act  of  phonation.  The  voice  of  the  patient  gained 
strength  rapidly,  until  in  four  days,  and  after  receiving  but  two  similar  applica- 
tions, she  was  able  to  speak  as  loud  and  sing  as  vigorously  as  ever. 

The  following  cases  we  transcribe  from  Mackenzie's  work  : — 

**  Less  of  voice  of  eighteen  monthi  duration  ^  from  paralysis  of  the  adductors^ 
cured  by  one  application  of  electricity  to  the  vocal  cords, 

"  Ix>uisa  C,  a  ser^•ant,  aged  23,  from  Newbury,  was  admitted  into  the 
Hospital  for  Diseases  of  the  Throat,  July  4th,  1867.  Though  stout, 
she  was  rather  weak,  and  fainted  on  her  first  visit  to  the  Hospital  For  this 
reason  slic  was  received  as  an  in-patient.  She  stated  that  her  loss  of  voice  was 
a  serious  drawback  to  her,  and  that  it  prevented  her  getting  a  situation. 

**  It  was  seen  that  the  vocal  cords  scarcely  movetl  at  all  towards  the  median 
line  on  attempted  phonation.  One  application  of  electricity  restored  the 
voice,  and  after  remaining  in  the  Hospital  two  or  three  weeks,  to  get  her 
strength  up,  she  was  discharged  'cured.'  " 

^^  Aphonia  of  three  year ^  duration^  from  paralysis  of  the  adductors^  cured  by 
the  direct  application  of  electricity  to  the  vocal  coids, 

"Fanny  S.,  aged  20,  was  admitted  into  the  Hospital  for  Diseases  of  the 
Throat,   July   14th,    1867,  on   account   of  loss  of  voice  of  three   years' 
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duration.  Eight  months  previously  she  had  applied  at  the  Hospital,  and  her 
voice  had  been  restored  on  several  occasions  by  the  direct  application  of  elec- 
tricity ;  but  the  effect  had  always  been  very  transient,  the  voice  having  gener- 
ally lieen  lost  again  after  a  few  days.  At  that  time  she  lived  at  some  distance 
from  the  Hospital,  and  could  not  visit  it  very  often,  and  for  the  same  reason 
it  Mras  necessary  now  to  make  her  an  in-patient.  The  laryngoscope  showed 
that  the  case  was  one  of  paralysis  of  the  adductors  of  the  vocal  cords.  After 
three  applications  of  electricity  to  the  vocal  cords,  the  voice  was  fully  restored, 
and  since  July  20th  the  voice  has  remained  strong.** 

^^  Dysphonia  of  fourteen  months^  standings  from  paralysis  of  the  addtutors  of 
left  tfocal  cord,  after  diphtheria,  cured  by  electrization  of  the  vocal  cords, 

**  Patrick  O ,  aged  19,  was  sent  to  me  in  April,  1863,  but  I  first  com- 
menced treatment  in  the  middle  of  May.  The  patient  stated  that  in  March, 
1 86 1,  he  had  an  attack  of  diphtheria ;  that  since  that  time  he  had  always 
found  great  difficulty  in  speaking  aloud,  and  that  when  he  did  succeed,  his 
voice  was  always  *very  squeaky.*  On  looking  into  the  throat,  the  pillars 
of  the  fauces  presented  a  peculiarly  atrophied  appearance,  and  on  the  posterior 
wall  of  the  pharynx  there  were  several  lumps  of  inspissated  mucus.  On  using 
the  laryngosct>i>c,  and  directing  the  patient  to  say  'Eh,*  it  was  seen  that, 
whilst  the  right  vocal  cord  advanced  well  to  the  centre,  the  left  vibrated  slowly, 
without  moving  at  all  towards  its  fellow.  The  sound  produced  was  in  the  fal- 
setto register,  and  he  was  unable  by  the  most  violent  efforts  to  produce  a  chest- 
note.  He  Ktatctl  that  before  he  suffered  from  diphtheria  he  had  a  remarkably 
loud  and  strong  voice. 

•*  On  the  npplicAlion  of  electricity  to  the  cords,  he  at  once  spoke  in  the  chest- 
rcgistcr.  The  high-piiche<l  siiucaking  voice  soon  returned,  however — according 
to  the  |>ftticnt's  account,  Siirectly  he  got  into  the  open  air.'  Electric  shocks 
were  in>ntinm*tl,  first  every  liay,  and  afterwards  every  two  or  three  days,  for 
t\vi»  nunuhs  when,  the  voice  having  l)cen  restored  for  more  than  a  fortnight, 
and  the  lofl  vtH';\l  cor\l  acting  jierfectly,  it  was  not  thought  necessary  to  con- 
tinue the  treatment."     [No  general  remedies  were  employed  in  this  case.] 

•* /V.f^4»»«/ii  .»/*  ii  yciir^s  duration^  from  paralysis  of  the  laxors  of  the  right 

TiVal  tord,  cured  by  electricity. 

**Mailrtme  i* ,   ftg^l  34»  a  professional   singer,  consulted  me  in  May, 

lS(»5,  on  account  of  a  difficulty  she  had  experienced  during  the  last  year  in 
forming  her  lower  notes.  Her  voice  in  the  ordinary  way  extended  from  d 
rtU»e  the  line  to  a  Inflow.  A  year  ago  she  first  exj^rienced  slight  difficulty  in 
ft>iniiiig  the  lower  ii,  and  in  January  she  could  not  reach  beyond  b.  During 
the  laM  lN\o  niontlis  she  liad  not  Ikxmi  able  to  sing  at  all,  even  in  private.  She 
bloke  tlown  t!lre\'l!y  she  nitenipleii  even  a  few  notes.  She  attributed  the  loss 
t»f  power  to  a  strain,  as  she  fust  noticc^l  the  difficulty  after  the  performance  of 
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a  long  and  trying  cantata,  which  had  been  twice  encored.  At  the  time  she 
had  experienced  ^  a  stinging  sensation,  extending  from  the  right  side  of  the 
throat  up  towards  the  ear.' 

"  She  had  been  constantly  under  treatment  since  her  voice  first  became  affected. 
*  The  only  thing  which  had  seemed  to  do  her  good  was  a  solution  of  caustic 
applied  to  the  throat  with  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.' 
But  though  this  treatment  always  gave  temporary  rdief,  there  was  no  perma- 
nent improvement.  On  making  a  laryngoscopic  examination,  the  parallelism 
between  the  vocal  cords  was  seen  to  be  lost,  the  right  cord  curving  away  in  the 
centre  from  the  median  line. 

'^  The  treatment  (direct  electrization  of  the  right  vocal  cord)  was  long  and  te- 
dious in  this  case.  At  the  end  of  six  weeks  there  did  not  appear  to  be  any  im- 
provement, and  I  should  have  given  it  up  had  not  the  patient  most  earnestly 
b^^ed  of  mc  to  continue  a  little  longer.  I  was  glad  that  I  did  so,  for  a 
fortnight  later  the  patient  perceived  a  marked  improvement  in  the  voice.  In 
order  to  test  the  voice  I  used  to  allow  the  patient  to  sing  a  few  notes  once  a 
week,  but  at  no  other  time.  At  the  end  of  three  months  the  voice  was  decid- 
edly improved,  and  the  following  autumn  the  voice  was  so  completely  restored 
that  the  lady  was  able  to  accept  an  engagement  in  Madrid." 

spasmus    glottidis    (laryngismus  stridulus — spasm  of  the 

glottis). 

In  this  affection,  which  is  acknowledged  to  be  of  a  nervous 
character,  electrical  treatment  is  indicated  on  the  same  principles 
on  which  it  is  indicated  in  torticollis^  writer's  cramp,  and  facial 
spasm. 

The  disease  is  caused  by  any  influences  that  depress  the  system. 
In  children  it  may  arise  by  reflex  action  from  the  irritation  of 
teething  or  of  worms  ;  in  adults  it  is  often  an  accompaniment  of 
hysteria,  and  arises  from  diseases  of  the  sexual  organs. 

Treatment. — CJeneral  faradization  and  galvanization  of  the  sym- 
pathetic, and  external  galvanization  and  faradization  of  the  larynx 
by  any  of  the  methods  described  on  pp.  523  and  528. 

Tobold  *  reports  success  with  peripheral  and  central  galvaniza- 
tion in  this  disease.  A  strong  maiden,  23  years  of  age,  who  was 
attacked  regularly  every  night  with  severe  spasms  of  the  larynx, 
was  entirely  cured  in  four  weeks  by  galvanization. 

HVPERiESTHESIA  OF  THE    IJVRVNX. 

Cases  of  this  disease  have  been  reported  by  Gerhardt  and  Han- 
ficld  Jones.     It  may  be  either  constant  or  intermittent. 

^♦Op.  cit.,  pp.  176,  177.] 
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ANiESTHESIA   OF  THE    LARYNX. 

This  is  an  affection  but  rarely  observed.  It  would  be  most 
likely  to  occur  from  injury  of  the  pneumogastric  nerves  or  of  their 
laryngeal  branches. 

It  is  rational  to  suppose  that  both  hyperaesthesia  and  anaesthe- 
sia of  the  larynx  might  be  successfully  treated  by  electrization  in 
its  various  forms,  on  the  same  principles  that  these  morbid  condi- 
tions are  treated  in  other  parts  of  the  body. 

MUTEISM. 

Muieism  0/2%  months  ftanding^  in  a  boy  of  17 — Recovery  under  electriuatian. 

Case  142. — M.  Jubiot*  reports  a  case  of  muteism  in  a  boy  17  years  of  age. 
He  woke  up  one  morning  entirely  deprivod  of  speech.  His  health  previously 
had  been  good,  but  from  that  time  he  lost  his  vivacity  and  became  almost  idi- 
otic, and  was  accustomed  to  run  out  his  tongue.  After  four  months  there  was 
return  of  intelligence.  M.  Jubiot  suspected  nocturnal  convulsions,*  and  one 
electrode  connected  with  an  electric  current  (whether  faradic  or  galvanic  is  not 
stated)  was  applied  to  the  nape  of  the  neck,  and  the  other  to  the  lateral  and 
anterior  regions  of  the  neck,  or  by  the  two  external  auditory  canals.  Before 
treatment  he  had  made  no  sound.  The  second  day  after  treatment  a  confused 
sound  appeared.  After  the  tenth  application  he  cried  loudly.  At  last  he  said, 
^^Good  day^  Monsieur^  I  am  well ;  I  am  cured !^^ 

*^[arscilles  Medicate^  Janvier,  187a 


CHAPTER  XXXII. 

DISEASES   OF   THE  EYE, 

For  two  reasons  the  diseases  of  the  eye  are  not  as  amenable  to 
electrization  as  corresponding  or  analogous  diseases  in  some  other 
parts  of  the  body. 

First,  Its  anatomical  position  is  such  that  the  current  cannot  be 
directly  localized  in  some  of  its  parts  ;  and  secondly,  the  applica- 
tion of  a  very  strong  current  is  frequently  contra-indicated  by  the 
sensitiveness  of  the  conjunctiva,  and  the  possible  injury  that  may 
be  done  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye 
— the  conditions  of  the  organ  that  are  most  frequently  treated  by 
electricity — cannot  be  as  successfully  subjected  to  electro-diag- 
nosis or  therapeutics  as  the  same  conditions  of  many  other  mus- 
cles, although  therapeutic  results  that  in  many  instances  are  of 
a  decided  character  are  obtained  from  electrization  of  the  paretic 
or  paralyzed  muscles. 

The  diseases  of  the  eye  for  which  electricity  has  been  employed 
with  more  or  less  success  are  paralysis  of  the  muscles,  asthenopia, 
retinal  hyperesthesia,  amaurosis  and  amblyopia,  spasm  of  the  lid, 
ptosis,  opacities  of  the  cornea,  photophobia,  myosis  and  mydriasis, 
and  neuro-retinitis. 

Electrization  of  the  Eye. — ^The  electric  current  affects  the  eye 
both  directly  and  through  reflex  action  from  the  fifth  pair,  and  also 
through  the  sympathetic.  As  has  been  stated,  the  anatomical  posi- 
tion of  the  eye  within  its  bony  cavity  makes  it  impossible  to  reach 
all  its  parts  as  directly  as  could  be  desired,  while  the  exceeding 
delicacy  of  its  structure  makes  it  at  least  very  diffcult  to  make 
the  applications  immediately  to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for 
23* 
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For  me  porpose  of  xoecting  dte  mcLScIes  of  the  eye  die  gahranic 
cnrrenc  is  osoiIIt  saperior  to  dfee  cntfic.  A  smaB  nmnber  of 
celLx  5^301  ic  :•-'  15.  ire  '.ismI't  scTit.ieriL.  Gxlvanizackm  of  die 
sympaiheric  should  ilsi?  be  rriec  in  tho:?e  ciie>  ctlic  are  supposed 
to  be  o(  cerebral  or^!n.  Short  treatments^  from  onen^uarter  of 
a  miniire  to  one  or  two  ni:a.itesw  are  preferable  to  longer  applica- 
tions. In  these  condiuoas  protracted  stances  not  unfirequently 
do  iniurv. 

Here,  as  elsewhere,  the  ^eniiriveiiess  of  the  patient  an-i  the  results  in  each 
catic  are  perhaps  the  be<  guiic.  An  J  yet  it  is  always  well  to  be  cautious  in  the 
first  application.  In  diseases  of  the  eye,  as  of  other  parts  of  the  body,  we  meet 
with  exceptional  cases  that  will  bear  ami  be  benefited  by  ven*  protracted 
applications  of  mild  galvanic  currents. 

The  unfortunate  accident  that  happened  to  Duchenne — total  destruction  of 
the  sight  of  a  patient  immediately  after  galvanization — did  much  for  a  time  to 
retard  the  electro-therapeutics  of  the  eye.  The  accident,  however,  has  never 
been  repeated,  although  the  electro-therapeutists  of  the  present  day  galvanize 
the  eye  and  the  brain  with  great  freedom. 

Localized  faradization   has  been  somewhat  successful  in  the 
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treatment  of  paralysis  of  the  muscles  of  the  eye  in  the  hands  of 
Meyer,*  Soelberg  Wells,f  and  Althaus.J  Althaus  has  succeeded 
with  the  faradic  current  after  failure  with  the  galvanic. 

Prognosis  in  paralysis  of  the  muscles  of  the  eye, — The  prognosis 
of  paralysis  of  the  eye  that  depends  on  cerebral  lesions  is  usually 
unfavorable.  Cases  that  arise  in  the  early  stages  of  disease  of  the 
brain  or  spinal  cord,  as  locomotor  ataxy,  offer  a  good  prognosis, 
though  they  are  disposed  to  relapse. 

Peripheral  cases,  when  taken  in  the  early  stages,  have  a  very 
favorable  prognosis,  but  not  so  with  cases  that  are  long  stand- 
ing. 

Benedikt,  speaking  of  the  prognosis  in  cases  of  paralysis  of  the 
eye,  declares  that  of  eight  cases,  from  various  causes,  that  were 
sent  to  him  by  Wecker  of  Paris,  in  seven  there  was  immediate 
improvement. §  The  same  writer  states  that  when  the  absolute 
excursive  capacity  of  the  pupil  is  little  altered,  but  double 
vision  is  present  in  a  great  part  of  the  visual  field,  the  prognosis 
is  unfavorable. 

In  some  cases  improvement  follows  early,  after  one  or  two  sit- 
tings, or  during  the  midst  of  the  sitting ;  in  other  cases  not  until 
ten  or  fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treat- 
ment in  paralysis  without  giving  it  a  fair  trial.  They  certainly  de- 
mand as  long,  and,  if  we  are  to  argue  from  the  anatomical  difficul- 
ties in  the  way,  even  longer  treatment  than  analogous  affections 
in  other  parts  of  the  body. 

The  following  are  some  of  Benedikt* s]  cases  : — 

''''Paralysis  of  the  abdtuens, — Stadler,  Johannes,  aged  29,  laborer  (Arlt*s 
clinique,  Feb.  16,  1864),  had  suffered  for  three  weeks  from  mild  paralysis  of  the 
right  external  rectus,  without  any  known  cause ;  there  was  double  vision  of  a 
high  grade.  After  four  stances  the  excursion  was  normal,  and  in  three  weeks 
he  was  entirely  cured. 

♦  Op.  cit.,  p.  378. 

f  Diseases  of  the  Eye.    1869.    p.  568. 

\  Op.  cit.,  p.  495. 

8  Op.  cit.,  p.  292, 

I  Op.  cit.,  p.  297  et  seq. 
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**  Burggraf,  Johann,  aged  23  (Arlt's  dinique,  April  22d,  1864),  had  been 
suddenly  seized  with  doable  vision  14  dajrs  previously.  Paralysis  of  the 
right  abducens,  preceded  by  violent  pains  in  the  head  for  eight  days.  Recovery 
through  local  treatment  in  six  idttings. 

"  Meyer,  Antonia,  aged  55,  laborer  (Arlt's  dinique,  Sept.  18,  1866),  had  suf- 
fered for  three  days  from  double  vision,  paresis  of  the  right  abducens.  The 
excursion  was  defident  b/  one  line.  There  was  double  vision  in  the  larger  half 
of  the  visual  field.  After  nine  sittings  the  excursion  was  normaL  Double 
vision  in  the  extreme  portion  of  the  visual  fidd.  Entire  recovery  after  20 
stittings. 

<*Mako,  Barbara,  aged  24  (Arlt's  dinique,  Jan.  29,  1863),  suffered  for  six 
weeks  from  complete  paralysis  of  all  the  branches  of  the  oculo-motorius.  After 
three  weeks  the  paralysis  vras  removed,  and  the  patient,  although  he  had  yet 
some  double  vision,  left  the  hospitaL 

**  Isolated  mydriasis, — Rentier,  aged  40^  suffered  from  mydriasis  and  paralysis 
of  accommodation  on  the  left  side.  After  two  local  treatments  the  mydriasis 
diminished.  It  relapsed  after  a  coitus,  but  was  finally  entirdy  healed  in  12 
sittings,  and  remained  healed  for  several  years." 

The  following  is  a  sample  of  the  less  favorable  results  : — 

**  Combined  paralysis. — Pistory,  Josef  Schneider,  aged  37  (Arlt's  dinique, 
Feb.  7,  1863),  suffered  for  many  years  from  vertigo.  For  two  years,  accord- 
ing to  his  own  account,  there  had  been  paralysis  of  both  recti  sufieriores^ 
e^)ecially  marked  on  the  right  side.  After  two  months'  local  treatment  he 
left  not  essentially  improved. 

**  Schidloff,  Betti,  aged  68  (Arlt's  dinique,  Oct.  14,  1864),  suffered  without 
known  cause  for  sU  weeks  from  complete  paralysis  of  the  abducens  with  contrac- 
tions of  the  antagonists.     After  eight  days  left  wholly  unimproved. 

*^  Paralysis  in  the  region  of  the  oculo-motorius. — Grolms,  Josef,  aged  49 
(Arlt's  dinique,  May  18,  1866),  suffered  for  eight  days  from  incomplete  paralysis 
in  the  region  of  the  right  oculo-motorius  (ptosis  and  paresis  of  the  internal 
rectus).  He  was  galvanized  and  faradized  three  months  without  essential 
results. 

**  Paralysis  of  the  Trochlear. — Kaffeebaum,  Osias,  aged  50  years  (Arlt's 
dinique,  June  19,  1864),  exceedingly  nervous,  had  suffered  for  four  weeks  from 
parat}*sis  of  the  trochlear  musde  of  the  left  side,  and  for  some  days  there  had 
been  twinges  in  the  ear.     He  was  treated  a  short  time  without  essential  result." 

Asthenopia. — Asthenopia  may  depend  on  an  absolute  or  rela- 
tive deficiency  of  energy  in  the  muscle  of  accommodation  ;  or  of 
the  internal  recti.  It  is  accompanied  by  hyperaesthesia  of  the 
retina  and  ciliary  nerves.*     Of  these  two  forms,  the  accommoda- 

♦  Stollwag,  Treatise  on  the  Diseases  of  the  Eye,  translated  by  Drs.  Hack- 
ley  and  Koosa,  \k  622. 
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tive  and  muscular,  the  accommodative  is  the  more  frequent.  The 
marked  effects  in  improving  the  tone  of  exhausted  muscles  in 
other  parts  of  the  body,  produced  by  electrization,  would  lead  us 
to  suppose  that  asthenopia  might  be  benefited  by  passing  either 
the  faradic  or  galvanic  current  through  the  eye. 

In  quite  a  number  of  cases  of  weakness  of  eye  with  hyper- 
sesthesia,  that  have  not  been  accurately  recorded,  we  have  obtained 
positive  and  rapid  results.  For  those  very  numerous  cases  of 
eyes  that  ache  severely  if  used  even  for  a  little  time  before  break- 
fast, or  at  twilight,  or  in  reading  fine  print,  or  doing  fine  needle- 
work, or  from  exposure  to  glaring  light ;  that  perhaps  are  annoyed 
by  muscce  volitantes  and  by  neuralgic  pains  in  or  near  the  eye, 
and  yet  in  which  ophthalmoscopic  examination  reveals  no  lesion — 
for  such  cases  mild  labile  faradization  for  five  or  ten  minutes  through 
the  eye  with  the  positive  pole,  either  with  a  moistened  sponge  or  the 
hand  of  the  operator,  while  the  negative  is  at  the  back  of  the  neck 
or  in  the  hand  of  the  patient,  is  certainly  a  most  agreeable  and  effi- 
cacious remedy.  Stable  galvanization  is  also  useful  in  the  same 
condition.  Cases  of  this  kind  that  are  associated  with  general 
feebleness,  with  hysteria,  and  dyspepsia,  are  sometimes  much 
benefited  by  general  faradization  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tired^  aching  eye  is  both  tem- 
porarily rested  and  relieved  after  each  sitting,  and  permanently 
strengthened  by  continued  treatment.  In  such  cases  electriza- 
tion does  for  the  eye  what  it  does  for  the  stomach,  or  larynx, 
when  they  are  in  a  condition  of  fatigue. 

We  believe  that  electro-therapeutics  promises  more  for  asthenopia^ 
with  hyperesthesia  of  the  retina^  than  for  any  other  disease  of  the 
eye. 

We  therefore  must  regret  that  the  cases  of  weakness,  exhaus- 
tion, and  neuralgia  of  the  eye  which  we  have  successfully  treated 
by  faradization  were  not  submitted  to  ophthalmoscopic  examina- 
tion at  the  hands  of  acknowledged  specialists.  Most  of  these 
cases  were  under  our  care  for  other  affections,  and  the  eyes  were 
treated  only  incidentally. 

From  the  known  effects  of  electrization  on  neuralgic  and  mus- 
cular weakness  of  other  parts  of  the  body,  it  would  certainly  ap  - 
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|HMr  that  asthenopia,  even  in  its  severe  phases,  might  also  be 
suooossl'iilly  treated  by  the  same  agent. 

The  subject  is  worthy  of  the  earnest  attention  of  ophthalmolo- 
gists. 

.4m,W\\\N\t  and  Amaurosis. — ^Amblyopia  is  now  understood  to 
l>o  a  disonlor  of  vision  dependent  on  disturbance  of  the  circula- 
tion, while  amaurosis  is  to  be  regarded  as  a  symptom  of  atrophy 
of  the  optic  non*e. 

For  Si>nie  of  these  conditions  electrization  may  be  tried  with 
advantage. 

A  stn^ug  encouragement  for  a  faithful  trial  of  electricity  in  these 
cases  is  tliat  various  degrees  of  impairment  of  vision,  from  com- 
plete blindness  thn>ugh  the  lower  grades,  upon  no  reliable  diag- 
nosis of  the  luthological  condition,  have  been  sometimes  most 
successfully  treateil  by  ph}'sicians  and  charlatans,  with  diverse 
luothiHls  of  application.  De  Saussure  cured  a  case  of  amaurosis 
by  statical  electricity.  Lesueur,  Magendie,  and  Person  success- 
fully usihI  lanuli/ation  in  the  same  cases. 

Successttil  results  have  occasionally  been  obtained  by  the  laity. 

What  is  now  needeil  is  a  careful  and  i)ersevering  trial  of  gal- 
vanization and  taradi/ation  in  cases  of  amblyopia  and  amaurosis, 
alter  aci'urato  i>phihalinosoopic  examination. 

S/\fsm  %*/  the  /.iff, — For  spasm  of  the  /ei'ator  palpebrce  and 
%*f\\t0,\nis  A;//**Mi/7/w,  faradization  or  galvanization  is  indicated 
t\n'  tho  sanu'  roasi>n  tluit  it  is  indicated  in  torticollis,  facial 
spasm,  and  spasm  of  the  glottis. 

The  nioihod  of  application  is  the  same  as  that  prescribed  for 
asthenopia. 

/*fi\it:fii*sis,-  Rocont  and  mild  cases  recover  rapidly.  Long- 
standing casoN  arc  sometimes  very  obstinate,  but  even  these  are 
fre»iuenily  relieved  for  a  limited  time  after  each  sitting. 

Stij^Af  s/^tsm*\tt\'  f:vi/A'Atnji^s  of  the  lid — Rtcai'ery  under  faradization, 

i\\sK  14  V  —  A  lavly  h.id  been  troubled  with  an  affect ion]of  the  left  eye  that 
rei|uircHl  sur^^ioal  treatment  ;  was  taken  with  slight  but  disagreeable  twitchings 
of  the  lid  of  tlio  other  eye.  The  twitching  M^-asso  slight  that  it  could  be  seen 
by  an  observer  only  with  difficulty. 

Under  faradization  with  a  mild  current,  the  negative  pole  being  held  in  the 
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hand  of  the  patient,  and  the  positive  being  applied  by  gentle  passes  over  the  lid, 
recovery  took  place  in  a  short  time. 

Spasm  of  the  orbicularis  palpebrarum  of  long  standing — Some  temporary 
but  no  permanent  benefit  from  faradization  and  galvanization. 

Case  144. — Rev.  Mr.  B.  was  referred  to  us  by  Dr.  C.  R.  Agnew  with  severe 
spasms  of  the  orbicularis  palpebrarum  of  the  right  side  ;  the  general  health  of 
the  patient  was  otherwise  good.  Faradization  and  galvanization,  faithfully 
used  for  a  number  of  sittings,  in  the  manner  described  in  the  case  preceding, 
were  only  of  temporary  benefit. 

Opacities  of  the  cornea, — The  electric  currents  have  been  em- 
ployed with  more  or  less  success  for  opacities  of  the  cornea  for 
many  years.  Cases  have  been  reported  by  Isiglio,  Quadri,  Wille- 
brand,  Ttirck  and  Graefe. 

Recently  this  method  has  been  but  little  employed. 

The  galvanic  current  would  be  more  indicated  than  the 
faradic.     External  or  internal  applications  may  be  used. 

Photophobia. — Photophobia  is  a  symptom  of  so  many  different 
pathological  conditions,  that  the  cases  of  cure  or  relief  obtained  in 
it  by  the  electric  currents  are  of  comparatively  little  value.  It 
very  frequently  depends  on  the  diseases  of  the  conjunctiva  and 
cornea.  Hewson  reports  the  cure  by  galvanization  of  32  cases 
of  photophobia  dependent  on  scrofulous  inflammation  of  the  cor- 
nea in  children.     From  one  to  three  applications  were  sufficient. 

The  positive  pole  was  applied  to  the  face  and  the  negative  to 
the  supra-orbital  foramen. 

Ptosis, — This  affection,  which  consists  in  paralysis  of  the  elevator 
of  the  upper  lid,  is  to  be  treated  like  spasm  of  the  lid,  but  with  a 
stronger  current.  The  galvanic  current  may,  in  some  cases,  be 
more  serviceable  than  the  faradic,  although  we  are  not  aware  that 
there  are  yet  any  clinical  evidences  of  this  belief. 

Mydriasis  and  Myosis. — In  these  conditions  the  electric  treat- 
ment may  sometimes  be  of  value,  although  in  the  majority  of 
cases  it  depends  on  some  central  difficulty  that  in  its  very  nature  is 
incurable. 

The  treatment  consists  in  placing  the  negative  pole  over  the 
closed  lid  and  in  galvanizing  the  sympathetic.  (For  an  interest- 
ing case  of  mydriasis  with  complications,  see  p.  413.) 
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Xatrif-rftiKztis, — On  the  thconr  dut  nenio-retiiiitis  maiT  depend 
on  some  morbid  condition  of  the  sympathetic,  which  in  its  turn 
mar  be  connected  with  rarioas  cerebral  aj9ections.f  it  has  been 
treated  br  gahranization  of  the  sympathetic^  and  of  the  brain. 
<Seep.  174.) 

Indeed,  from  oar  experiments  in  galvanization  of  the  sympa- 
thetic (see  p.  276),  it  would  appear  that  in  neuro-retinitisy  and,  in- 
deed, in  all  afiections  where  we  iiish  to  affect  the  vascular  condi- 
tition  of  the  retina,  galvanization  of  the  s\-mpathetic  would  very- 
properly  be  indicated  in  connection  with  other  remedies  directed 
to  the  disease.    The  subject  is  certainly  worthy  of  investigation. 

Strabismus. — In  strabismus,  dependent  on  merely  transitory- 
causes,  faradization  or  galvanization  may  be  of  ser\'ice ;  but  the 
results  yet  reported  are  not  of  great  importance. 

That  temporary  relief  of  strabismus  may  be  derived  from  fara- 
dization we  demonstrated  in  several  instances.  The  method  of  ap- 
plication is  the  same  as  that  for  paralysis  of  the  muscles. 

Among  other  diseases  of  the  eye  in  which  electrization  may  be 
tried  experimentally  with  the  hope  of  greater  or  less  success,  are 
anasthesia  optica,  and  nystagmus. 

Cataract. — The  attempt  to  dissolve  cataract  by  galvano-punc- 

♦  Op.  cil.,  p.  303. 

t  Bencdikl,  op.  cit.,  pp.  252,  253,  254. 
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ture  has  been  made  by  Crussel,  with  the  result  of  inflammation 
and  destruction  of  the  eyeball. 

It  is  stated,  however,  by  Graefe,*  that  applications  of  the  nega- 
tive pole  of  a  galvanic  current  have  been  successful. 

*  Deutsche  Klinik,  1852,  p.  445,  quoted  by  Althaus. 


CHAPTER  XXXIII. 

DISEASES  OF  THE  EAR. 

The  diseases  of  the  ear,  as  of  the  eye,  are  less  amenable  to 
treatment  by  electricity  than  analogous  diseases  in  most  other 
parts  of  the  body,  and  for  the  same  reasons.  By  its  anatomical 
position  the  internal  ear  is  even  more  inaccessible  than  the  eye  ; 
and  even  the  parts  which  can  be  brought  more  directly  under  the 
nfluence  of  electrization,  as  the  middle  ear,  the  membrana  tyni- 
pani,  and  external  auditory  canal,  can  bear  only  feeble  currents 
and  short  applications.  These  parts  are,  indeed,  more  sensitive 
than  the  eye,  but  even  were  they  capable  of  bearing  stronger  cur- 
rents, their  nearness  to  the  brain  would  render  it  necessary  to  exer- 
cise caution,  especially  when  using  the  galvanic  current 

The  morbid  conditions  of  the  ear  for  which  electrization  has 
been  found  of  service  are  subacute  and  chronic  inflammation 
of  the  drum  and  middle  ear,  nervous  deafness,  and  tinnitus 
aurium. 

Experiments  on  the  ear  were  made  quite  early  in  the  history  of 
electro-therapeutics. 

Brenner*  gives  the  following  bibliography  of  this  department  in 
the  early  part  of  the  present  century  ; — 

Auc.rsTiN —  Versuch  einer  Geschichte  der  galvanischen  EUktricitdt  und 
ihrcr  ntcdicinischen  Amjendung^  Berlin,  i8oi  (this  work  contains  a  quan- 
titative distinction  in  the  working  of  both  poles  on  the  nerves  of  hearing) ; 

also,  Vom  Gahumismus  urtd  dessen  Anwenduttg^  i8oi,  by  the  same  author. 

Mkrzdorkk-  (/?M<i««//w«^</<fj'  Ohrensausens durch  den  Galvanischen  Strom,) 
MC'iRAPKNGRKSSKR,  1801,  pp.  131  and  132. — Flies — {Galvano-therapeutUche 
Versuche^)  Ki)cndas.,  iSoi,  pp.  241,  252. — Stellwag — Ueber  Gahntnismus, 
Hamburg,  1802  (this  work  contains  cures  of  deafness). — Struwe — System 
der  Mt'duinisihen  Elektricitiit  mit Riieksicht  auf  den  Galvanismus,  1 802. — 

•  I'morsuchungcn  und  Bcobachtungen  auf  dem  Gebiete  der  Electrothera- 
po,  I  lUnd,  I  .\bth.,  1 868,  p.  4a 
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WoLKE— AW-Srir*^  VBH  dea  cu  Jever  durch  die  Gakiatii-  Viiltaitehe  Gihor- 
gibikuHit  btgliickltii  TouislHnimen.  elc.  Osnabrtick,  i8oz.— Martens' 
Tlurafaitiicht  Anwcndung  dis  Gak-amsmus.      1 803. 

Il  was  natural  that  attempts  to  cure  diseases  of  the  ear  should 
be  made  thus  early  in  the  history  of  electro -therapeutics,  because 
at  that  time  there  was  scarcely  any  other  method  of  treatment. 

There  are  two  general  methods  of  electrizing  the  ear — internal 
and  externa/. 


Fio.  is— Internal  mithod  of  eltctrixalien  ef  tht  tnr  (Duchetm*). 
A,  auricle;  B,  external  auditory  canal;  C,  handle  of  electrode;  D,  flexilik 
wire ;  E,  rubber  speculum ;  F,  ossicula  in  middle  car ;  G,  mouih  of  lube ;  H, 
audilory  nerve  in  inner  ear;  I,  inferior  half  membrana  lymponj ;  J,  eslcrnil 
muscle  of  hammer;  K,  inieimi  mubilc  of  hiimmer. 
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The  flexible  wire  can  be  pressed  in  toward  the  drum  and  then 
allowed  to  spring  back.  The  external  auditory  canal  is  very  sen- 
sitive, and  only  mild  currents  or  currents  quickly  interrupted  will 
be  borne.  The  other  electrode  may  be  placed  in  the  hand  of  the 
opposite  side,  or  at  the  mouth  of  the  Eustachian  tube,  by  means  of 
a  metallic-pointed  insulated  catheter.  It  is  an  advantage  before 
making  the  application  to  partly  All  or  at  least  to  moisten  the  ear 
with  warm  salt  water,  since  thereby  the  conduction  is  much 
increased.  The  water  should  be  wann,  because  cold  water  is  not 
well  borne  in  the  ear. 

External  method. — ^The  best  external  method  of  electrizing  the 
ear  is  to  press  the  electrode  firmly  on  the  tragus,  the  other  electrode 
being  held  as  before,  in  the  hand  of  the  opposite  side.  The  ear 
should  be  filled  with  warm  salt  water,  although  this  is  not  neces- 
sarv. 

We  have  used  this  method  for  several  years  with  both  the  fara- 
dic  arid  galvanic  currents,  and  prefer  it  for  all  cases  except  when 
it  is  desired  to  act  directly  on  the  inflamed  surfaces  of  the  drum, 
or  middle  ear.  It  is  far  less  painful  and  more  satisfactory  than 
the  internal  method.  It  may  be  used  on  the  most  sensitive  chil- 
dren, who  would  rebel  against  the  internal  method,  however  skil- 
fully performed. 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes, 
and  in  some  cases  much  shorter  applications  should  be  used, 
especially  when  the  galvanic  current  is  used. 

Electro-diagnosis  of  Diseases  of  the  Ear. — The  pioneer  and 
principal  laborer  in  the  department  of  electro-diagnosis  of  dis- 
eases of  the  ear  is  Rudolf  Brenner,  of  St.  Petersburg,  who  for 
a  number  of  years  has  given  this  subject  special  attention,  experi- 
menting chiefly  with  the  galvanic  current.  At  first  he  shared  the 
fate  of  nearly  all  the  original  experimenters  in  electro-therapeu- 
tics. His  theories  were  rejected  and  his  facts  disputed  both  by 
aurists  and  electro-therapeutists. 

Schwartze,*  an  aurist  of  high  repute,  claims  that  after  having 
followed  the  experiments  of  Brenner  step  by  step,  he  was  forced 

♦  Archiv  fiir  Ohrenheilkunde,  i.,  p.  44. 
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to  the  conclusion  that  the  statements  of  that  author  were  radically 
erroneous. 

Schulz,*  of  Vienna,  a  practised  electro-therapeutist,  has  also 
denied  the  validity  of  the  conclusions  of  Brenner. 

Besides  these,  Sycyanko,f  Bettelheim,J  and  Schwanda,§  of  Vien- 
na, have  investigated  the  same  subject,  and  have  obtained  only 
unsatisfactory  or  negative  results. 

Benedikt  ||  also  contends  that  "  normal  nerves  can  react  like 
those  which  are  functionally  diseased,  or  the  reverse." 

As  a  result  of  these  unfavorable  and  hostile  criticisms,  the  writ- 
ings of  Brenner  for  a  long  time  were  not  received  with  favor,  and 
were,  indeed,  generally  scouted  by  the  majority  of  aurists  and 
electro-therapeutists. 

On  the  other  hand,  HagenT  has  substantially  confirmed  the 
statements  of  Brenner,  deriving  his  conclusions  from  the  exam- 
ination of  fifty- two  cases  of  diseases  of  the  ear.**  More  recently 
Brenner  has  been  reinforced  by  the  powerful  influence  of  Erb 
and  Moos,  of  Heidelberg ;  the  one  accomplished  as  an  electro- 
therapeutist,  the  other  as  an  aurist. 

Erb,ff  after  experimenting  on  both  healthy  and  diseased  ears, 
states  emphatically  that  "  those  who  deny  the  existence  or  the  cor- 
rectness of  the  matters  of  fact  discovered  by  Brenner,  are  simply 
in  error,^*  Moos  J  J  records  a  remarkable  case  of  recovery  of  com- 
plete nervous  deafness  under  the  use  of  the  galvanic  current,  in 
which  nearly  "all  the  assertions  of  Brenner  were  confirmed." 

Still  further,  Brenner  has  published  several  and  plausible  replies 
to  some  of  his  opponents,§§  in  which  he  has  pointed  out  the  causes 
of  their  errors,  which  consisted  chiefly  in  their  imperfect  appliances 

*  Wien.  Med.  Wochen.,  73  and  77. 

f  Deutsch  Archiv.  KUnische  Med.,  Bd,  i.,  p.  601. 

X  Wien.  Med.  Press,  1868,  No.  23. 

^  Pojrg.  Annal. :   133,  §§  622-655. 

I  Op.  at.,  i.,  p.  27a 

^  Praktische  Beitriige  zur  Ohrenheilkunde,  Leipzig,  1866. 

♦♦  Loc.  cit.,  p.  7. 

ff  Archives  of  Ophthalmology  and  Otology,  vol.  I,  No  i,  p.  232. 

X\.  Archives  of  Ophthalmology  and  Otology,  voL  i.,  No.  2,  p.  464. 

5555  Op.  cit.,  Bd.  i.,  pp.  166,  167. 
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and  faulty  methods  of  experimenting.  Schwartze,  especially, 
whose  influence  has  been  most  potent  against  him,  he  claims  to 
have  answered  point  for  point*  To  this  Schwartze  had  not 
replied. 

A  careful  examination  of  both  sides  of  this  important  contro- 
versy has  convinced  us  that  the  investigations  of  Brenner  are,  to 
say  the  least,  worthy  of  the  attentive  consideration  of  all  aurists 
and  electro-therapeutists.  We  therefore  present  his  leading  con- 
clusions. Those  who  desire  to  investigate  the  subject  in  greater 
detail  are  referred  to  the  writings  of  Brenner,  Hagen,  Erb,  and 
Moos  above  quoted. 

The  leading  idea  of  the  school  of  Brenner  f  is  that  the  auditory 
nerve  reacts  to  the  galvanic  current  in  a  regular  manner^  by  dis- 
tinct sounds  at  and  during  the  closing  of  the  negative  and  at  the 
opening  of  the  positive  pole,  and  that  this  reaction  is  variously 
changed  by  pathological  conditions. 

These  sounds  are  variously  described  as  whistling,  ringing,  hiss- 
ing, singing,  humming,  and  rumbling.  The  sensation  which  is 
most  frequent  is  that  of  whistling.  In  its  typical  uncomplicated 
manifestation,  this  whistling  is  a  clear,  independent,  agreeable, 
musical  tone.  These  sounds  vary  in  different  individuals  and  with 
the  strength  and  continuance  of  the  current. 

The  terminology  and  abbreviations  employed  by  Brenner  are 
as  follows  : — 


KO4— Right  car. 
LO.    — Left  ear. 
Ka.     — Cathode  (positive  pole). 
Ka.  S.  — Closing  of  the  cathode.  kl. 

Ka.  O.  —  Duration  of  the  closing  of  the  Pf. 
cathode.  Z. 


Kl. 

Kl'  or  Kl". 


.Ringing. 

-Loud  or  very  loud  ring- 
ing. 
-Weak  ringing. 
-Whistling. 
-Hissing. 


*  Loc.  cit.,  p.  167. 

\  Zur  Elektrophysiologie  und  Elektropathologie  des  Nervus  acusticus.  Pe- 
tersburgh  Med.  Zeitschr.,  Bd.  4,  p.  286.  1863.  Also,  Weitere  Mitthei- 
lungen  zur  Elektro-otratrik.  Petersburger  Med.  Zeitschr.,  Bd.  5,  p.  35,  1S63. 
And  more  recently  in  his  published  work,  Untersuchungen  und  Beobachtungen 
auf  dem  Gebieteder  Elektrotherapie.     Leipzig,  1868  and  1869. 

X  These  abbreviations  correspond  to  German  words. 


The  Rheostate. 

5; 

Ka.O. — Opening  of  the  cathode. 

R. 

— Rumbling. 

A.  or  An. — Anode. 

Si. 

— Smging. 

AS.     — Closing  of  the  anode. 

Su. 

— Humming. 

AD.    — Duration  of   closing  of   the 

Br. 

— Roaring. 

anode. 

W. 

— Boiling  of  water. 

AO.  or  An.O. — Opening  of  the  anode. 

Gl. 

— Ringing  of  a  bell. 

00. 

— Continuous. 

> 

— Gradually  diminishing. 

Roman  numbers  indicate  the  number  of  the  elements^  and  Arabic  the 
degrees  of  resistance  of  the  rheostate.  Thus  XX  50  =  20  elements  and  50 
degrees  of  resistance. 

The  Rheostate. — The  rheostate  is  an  instrument  by  which  the 
resistance  of  the  circuit  can  be  very  gradually  increased  and 
diminished  without  breaking  the  circuit.  The.  form  that  was 
originally  devised  by  WHieatstone  is  made  of  two  parallel  cylinders ; 
one  of  brass,  the  other  of  wood.  On  the  latter  is  a  spiral  groove, 
in  which  a  brass  wire  is  coiled,  about  40  yards  long.  This  wire 
passes  from  the  wooden  to  the  brass,  and  is  fixed  on  it.  When  the 
current  enters  the  wire  coiled  on  the  wooden  cylinder,  it  traverses 
the  portion  of  the  wire  that  is  rolled  on  the  cylinder,  and  which 
is  insulated  by  the  grooves  in  the  wood,  to  the  other  cylinder, 
which  is  of  brass,  and  therefore  affords  metallic  conduction  for  the 
exit  of  the  current.  If  the  length  of  the  current  is  to  be  in- 
creased, the  cylinder  should  be  turned  by  its  handle  from  right  to 
left,  and  vice  versd  if  the  length  of  the  current  is  to  be  dimin- 
ished.* 

The  greater  the  length  of  wire  through  which  the  current  passes, 
the  weaker  the  current,  and  vice  versd.  The  rheostate  has  been 
chiefly  used  by  the  makers  of  telegraph  instruments. 

The  rheostate  has  been  introduced  into  electro-therapeutics  by 
Brenner,  who  has  used  this  instrument  extensively  in  his  investi- 
gations on  the  galvanic  reaction  of  the  auditory  nerve. 

The  form  of  rheostate  used  by  Brenner  is  represented  in  the 
accompanying  cut. 

The  resistances  are  made  by  wires  of  different  lengths  inter- 
posed in  the  circuit.  The  form  here  represented  allows  of  the  in- 
terposition of  any  number  of  resistances  between  10  and  2,100  by 

*  Ganot's  Physics,  p.  79a 
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divisions  of  tens.  Every  desirable  strength  "of  current  from  one 
element  to  the  full  power  of  the  battery  can,  by  this  arrangement, 
be  subdivided  into  i  lo  graiiet.  The  sum  of  all  the  resistances  is 
about  equa!  to  the  taking  off  of  an  element  of  an  average  size. 


Fig.  86.— /J'v/i".  ■■.  ^.■  ■>/,<  Av;,,  .').',-.-' i„  rlii.' .i.,k'  1!,  il.e  melallicdisks 
arennmbered  by  iinii- f,..iu  o  t.-.  in;  ..[i  tlie  ur,le  T,  bv  u-v^i.  from  o  to  loo  i 
OD  the  circle  D,  by  liumlre.l'i,  frnm  a  lo  1,000.  To  use  ihe  rheostflte,  connect 
the  wire  A  with  one  at  the  polea  of  Ihc  ballery,  and  the  wire  E  wilh  one  of  the 
electrodes  :  in  this  way  the  re^jstanoes  of  [be  rheostRle  are  included  in  th«  cir- 
cuit, CDnstiluline  wtial  is  called  a  ••  reeondary  closurt."  When  all  Ihe  stoppers 
are  at  O  in  all  the  circles  there  i^  no  resistance.  When  all  Ihe  stoppers  are 
withdrawn  there  is  no  connection,  and  the  currenl  is  interruplci.1. 

Ten  elements,  for  example,  without  the  rheostate,  are  about 
equivalent  to  eleven  elements  with  all  the  units  of  resistance  of 
the  rheostate  included.  The  advantage  of  the  instrument  is  obvi- 
ous. It  allows  of  the  very  gradual  increase  or  lessening  of  the 
current  within  the  limits  of  about  the  strength  of  an  ordinary  ele- 
ment, which  is  not  possible  by  any  other  arrangement. 

The  term  unit  signifies  a  fractional  portion  of  the  resistance  of 
the  instniment,  as  determined  by  Siemen's  standard,  which  is  one 
metre  of  pure  quicksilver  of  a  constant  diameter. 

Brenner  states  that  by  the  addition  of  a  fourth  coil  of  resistance, 
containing  only  units,  the  strength  of  the  current  miy  bi  subdi- 
vided into  z,ioo  grades.* 


on  of  the  rheoslale  the  renter  is  referred; 
1S6S,  pp.  51  et  seq. 
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The  average  normal  formula  is  thus  represented  :  — 

Ka.S.  Kl'. — Distinct  sound. 

Ka.  D.  Kl.  — Sound  gradually  disappearing. 

Ka.O.        — No  sound. 

An.S.        —  "       " 

An.D.       —  "       " 

An.  O.  KL  — Weak  and  short  sound,  similar  to  Ka.  S. 

The  sensations  with  Ka.S.  appear  sooner  and  stronger  than 
with  An.O. 

This  formula,  it  will  be  observed  harmonizes  with  the  law  o 
electrotonoi  (sea  p.  53),  and  Pddger's  contraction  law — that  "  a 
nerve  is  stimulated  by  the  appearance  of  catalectrotonos  and  the 
disappearance  of  analectrotonos  ;  not,  however,  by  the  disappearance 
of  catalectrotonos  and  the  appearance  of  analectrotonos.  (See  p.  54). 

Although  the  character  of  sounds  vary  with  the  strength  and 
continuance  of  the  current  and  with  the  individual,  yet  in  the 
healthy  ear  the  polar  effects  never  vary. 

There  is  never  any  sensation  of  sound  with  the  closing  of  the 
anode  (An.S.),  except  in  pathological  conditions. 

'Y\iz  polar  effect  is  therefore  the  leading  effect,  and  Xht  direction 
of  the  current  through  the  auditory  nerve  appears  to  have  no  de- 
monstrable influence. 

The  use  of  the  rheostate  and  the  changes  in  the  reactions  that 
are  made  by  interposing  the  various  grades  of  resistances  in  the 
circuit  are  rei)resented  in  the  following  experiments  of  Hrenner  :  * 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cured  a 
short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of  elements  is 
in  Roman,  the  number  of  resistances  in  Arabic, 

XX     10-  80  gave  no  reaction.  XX  260-400  Ka.S. — Rumbling       of 

XX    90-120  Ka.S. — Buzzing  of  flies  cannon. 


very  short. 

Ka.D. — Same  > 

Ka.  1). 

Ka.O. 

Ka.  0. 

An.  S. 

An.S. 

An.  I). 

An.D. 

An.O. — Rumbling       ol 

An.O.  

wagons. 

XX  130-170  Ka.S. — Stronger 

buzz- 

XX 

410-550 

1  Ka.S.—  Striking  of  me- 

ing. 

tallic   plate. 

Ka.  I>. — Same. 

Ka.D.— Simc  > 

*  Op.  cit.,  Band  i.  p.  105. 
24 
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Ka.O. 


An.S. 

An.D. 

An.O. 

XX  180-250  Ka.S. — Distant     rumb- 
ling of  wagons. 
Ka.1).— Sanie. 

Ka.O. 

An.S.   

An.D. 

An.  O. — Buzzing  of  flies. 


XX  560- 


Ka.O. 

An.S. 

An.D. 

An.O.- 

Ka.S.. 


Ka.D.- 
Ka.O. 
An.S.  - 
An.D.  - 
An.O.- 


-Rumbling. 
-Sharp  ring  like 

a  silver  table- 

beU. 
-Same.   > 


Weaker      and 
shorter  ringing. 


Erb  *  gives  the  following  result  of  experiments  on  himself : 


10  El.  Ka.S.Kl.- 


Ka.D.Kl  > 

Ka.  O. 

An.  S.       

An.  D. 

An.O.Kl. 


8and6El.  Ka.S.KL 
Ka.D.  — 
Ka.O.  — 
An.  S.  — 
An.D.  — 
An.O.  — 


On  another  ])atient,  f  50  years  of  age,  he  obtained  the  follow- 
ing reaction  with  accompanying  symptoms  of  pain  and  facial 
contortions. 

8  El.  Ka.S. — Clear  whistling,  stinging  pain  and  facial  contortions. 
Ka.  1). — Gradually  disappcarcil. 
Ka.C). — No  sensation. 
An.S.  — Violent  pain. 
An.D. — Pain  remains. 
An.O. — Short  and  weak  whistling;  slight  facial  convulsions  with  10  el.  ; 

the  same  formula  gave  still  louder  sensations  of  sound,  but 

the  accompanying  pain  was  very  severe. 

As  illustrative  of  the  variations,  in  the  character  and  intensity 
of  the  sound,  we  i)resent  a  few  cases  from  .several  authorities. 
For  convenience'  sake  we  use  the  terminology  and  the  abrevia- 
tions  above  explained. 


*  Archiv.  Opthalmology  and  Ololog.,  vol.  i.,  No.  i,  p.  246. 
f  Loc.  c,  p.  250. 
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Brenner*  gives  the  following  reaction  in  a  healthy  man  ; — 

Same  patient  treated  by  a  stronger  current. 

Ka.  S.  — Rumbling  of  cannon.  Ka.  S.  — Sharp  ringing. 

Ka.D.         *«         "       "  Ka.D.—     "  " 

Ka.O. Ka.O. 

AS.     AS. 

AD.    AD.    [ing. 

AG.     — Rumbling  of  wagons.  AO.     — Weaker  and  shorter  ring- 

The  variations  of  the  tone  with  the  difference  of  the  current  are 
rei)resented  in  the  following  experiment  of  Brenner  :  f 

With  the  cathode  closing.  With  anode  opening.      (An.O). 

XX    ioKa.S.K.  XX    30  A. O.K. 

2oKa.S.K.  40  A. O.K. 

3oKa.S.K.  50  A. O.K. 

4oKa.S.K'.  60  A. O.K. 

50  Ka.  s.  K'.  70  A.  O.  K. 

6oKa.S.K'.  80  A.O.K'. 

7oKa,S.K'.  90  A.O.K'. 

8oKa,S.K".  100  A.  K'. 

Changes  in  the  reaction  of  the  auditory  nerve  in  pathological 

cases. 

In  pathological  cases  the  normal   formula  above   given  may 
undergo  various  changes. 
These  changes  may  be  embraced  under  the  following  heads  :  J 

1.  Hypercesthesia  of  the  nerve,  so  that  it  reacts  to  a  milder 
current  than  nonnal,  or  reacts  longer  or  more  powerfully.  This 
may  be  cither  simple  or  complicated  with  qualitative  change  in 
the  formula,  or  with  paradoxical  formula  in  the  ear  not  experi- 
mented on,  or  with  morbid  subjective  sensations  of  hearing. 

2.  Change  in  the  formula  of  reaction  without  hypercesthesia. 
These  changes  are  either  in  inversion  of  the  normal  formula,  or 
deviations  of  various  kinds. 

3.  Torpor  of  the  nerve  (ancesthesia),  so  that  it  does  not  react  or 
only  to  a  stronger  current  than  normal. 

*  Op.  cit.,  Band  i,  p.  106. 

t  I^c.  cit.,  p.  iia 

X  Brenner,  op.  cit.,  Band  i.,  p.  181  et  seq. 
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AVe  thoroughly  agree  with  Brenner  and  Erb  that  these  reactions 
of  the  aiuiitOF}-  nerve  are  obtained  by  the  direct  action  of  the 
current  on  the  ner\-e,  and  not  by  reflex  action  through  the  tri- 
geminus. This  view  is  proved  by  the  general  fact  of  the  con* 
ductibility  of  the  tissues  of  the  brain  (p.  89),  by  the  fact  that  even 
when  the  trigeminus  is  paralyzed  the  reaction  may  yet  occur,* 
and  by  the  fact  that  when  the  electrode  is  placed  in  a  condition 
favorable  for  the  entrance  of  the  current  into  the  ear,  the  reaction 
is  more  decideii  than  when  the  electrode  is  placed  in  a  condition 
favorable  for  the  excitement  of  the  trigeminus,  but  unfavorable  for 
the  direct  entrance  of  the  current,  as  has  been  conclusively  shown  by 
Erbl  and  by  ourselves.  J  We  have  removed  the  pole  from  the  tragus 
to  the  malar  bone  and  the  cheeky  both  of  which  points  are  highly 
fai'orable  for  the  excitation  of  the  trigeminus^  and  hare  found  that 
with  removal  the  reaction  diminished  or  disappeared. 

Illustrative  pathological  cases. — Brenner  gives  the  following 
illustration  of  h)-penvsthesia  in  a  case  of  chronic  catarrh  of  the 
middle  oar,  on  both  sides,  with  difficulty  of  hearing,  much 
tinnitus. 

The  reaction  was  as  follows  : 

XX  90  Ka,S.  K  . 

Ka.l).  K.   00 

Ka.O.— 

A.S.    — 

A.D.  — 

A.t>.k.  > 

In  another  case  where  there  was  great  difficulty  of  hearing,  with 
tinnitus,  tliat  had  existed  for  three  vears  and  demonstrable  anatom- 
ical  changes,  hut  in  which  a  central  disease  was  suspected,  the  re- 
action was  as  follows  :  § 

XX  50  Ka.S.K'. 

Ka.1).  K.  ex 
Ka.O.— 

*  Vide  Moos^  cx««,  above  quotetl  in  Archiv  Ophth.  aiid  Otol.,  vol.  i.,  No.  2, 
p.  4S2. 

t  Archiv  C)|^lilh.  an«l  Otol  ,  vol.  i.,  No.  i,  p.  261  et  set}. 

}.  For  a  dctailo<l  di'icu>sion  of  this  subject,  see  Hrcnner's  work,  Band  i., 
I  .\bth.,   p.  94,  et  seij. 

^  Op.  cit.,  p.  90,  191. 
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A.S.  — 

A.D.  — 
A.O.k.  > 

Other  cases,  illustrative  of  changes  of  various  kinds,  we  give 
below  : — 


Qualitative  change,  — 
A  laborer,  30  years  old; 
intelligent ;  deafness  and 
tinnitus  on  both  sides 
from  childh()o<l ;  drum 
cloudy  and  thickened. 
X  100   Ka.S.K'. 

Ka.l).K.  oc 
Ka.O.— Rattling. 


(( 


A.S. 

A.D. 

A. O.K.   > 


00 


ITypenrsthesia  with  in- 
version   of  the    normal 
formula*. — A     lady    of 
sixty;    absolute  deafness 
in    left   ear ;    drum   de- 
pressed,   thickened    and 
opaque. 
6  El.    Ka. — 

Ka.D. — 

Ka.O.Pf.  > 

An.S.Pf. 

An.D.rf.  00 

An.O.  — 


Ilyperaesthesia  with 
paradoxical  sensations 
in  ear  not  treated,  f 


Ear  treated. 


Ear  not 
treated. 


XXiooKa,S.K." 
Ka.D.K.00 


Ka.O.  —    K.  > 


A.S. 


K'. 


A.D.           k.  > 
A.O.K'.  > 


Illustrative  and  typical  rase  of  in- 
version  of  the  normal  for  mula.X — -^^ 
officer,  26  years  old  ;  from  his  child- 
hood comj)lctcly  deaf  in  left  ear  ;  no 
tinnitus;  no  demonstrable  change  in 
drum  ;  only  a  pale  color  ;  right  ear 
normal 


Modification  of  the  normal  formula 
without  hypertcsthesia. — A  woman,  45 
years ;  old  difficulty  of  hearing  in  both 
ears  ;  no  tinnitus ;  some  dulness  of  the 
drums. 

Right  Ear  : — 
XX  5CX)  Ka.S.— "Chirping." 

Ka.  D.  *  *         short. 

Ka.O. 

A.S.     — Roaring. 
A.D.  **  short. 

A.O.     — Indefinite  sounds. 
Left  ear  gave  same  formula,  except 
that   Ka.C).  gave  a  short   and  slight 
roaring. 


The  above  case  of  the  officer  Brenner  regards  as  of  a  special 
nature.     The  patient  was  examined  by  a  number  of  aurists,  and 


Electric    examination 
of    riphi     (healthy; 
ear  <;ives   this  pu>r- 
tmii  formula. 

Klectric    examination 
of  left  ^diseased )  ear 
BjivuA  the   iHVcrtfd 
formula. 

IX  Ka.S.K'. 

IX  Ka.S. 

Ka.D.k.  > 

Ka.D.— 

Ka.(). 

Ka.().K. 

A.S.  — 

A.S.K'. 

A.D.  — 

A.D.K.  > 

A.O.k. 

A.(X  — 

*  Erb  in  Archiv  Ophth.  and  Otol.,  vol.  i..  No.  i.,  p. 272. 
f  Brenner,  op.  cit..  Band  i.,  p.  205. 
\  Brenner,  I.  c,  p.  219. 
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the  inversion  of  the  normal  formula  in  the  diseased  ear  was  de- 
cided. 

The  following  experiments  were  made  by  one  of  the  authors  of 
this  work  on  himself  The  right  ear,  on  which  the  experiment 
was  made,  has  for  25  years  been  affected  with  chronic  inflammation 
of  the  middle  ear.  The  drum  is  cloudy,  the  tube  pervious,  and 
the  hearing  distant ;  at  times  he  had  been  troubled  with  tinnitus, 
but  not  at  the  time  of  the  experiment.  The  objective  examination 
of  the  ear  was  made  by  Dr.  D.  B.  St.  John  Roosa.  The  experi- 
ments are  given  in  detail,  because  they  illustrate  a  number  of 
the  peculiarities  in  regard  to  the  galvanic  reaction  of  diseased 
ears. 

The  internal  method  was  used  : 

10  Stohrcr*s  El.  Ka.S. — No  reaction     12  El.  Ka.S.  — No  reaction. 

Ka.D.— Somerumb-  Ka.D.— «*         «« 

bling,    made     evi-  Ka.O. —  ** 

dently  by  pressure  An.S.  —  ** 

of  electrode.*  An.D. —  ** 

Ka.O.  An.O.—  ** 

An.S. — No  reaction.         Feeble  flashes  of   light   were   ob- 
An.  D. —  "         "  servecl.     The  rumbling  of    a  distant 

An.O. —  **         **  carnage  for  a  moment  was  mistaken  for 

the  cathode  closing  reaction. 
16  El.,  Ka.S. — No  reaction. 

Ka.D,  -Hissing  in  the  other  ear;  (paradoxical  reaction.) 
Ka.O. — Same  for  a  moment. 
An.S.  — Hissing. 
An.D. — Same  > 

An.O. — No  reaction,  but  hissing  in  other  ear. 
Stronger    flashes  of  light  ;    dizziness  ;    subjective   sounds  in  ears  for   some 
minutes  after  treatment. 

20    El.   Ka.S. — Slight  roaring.  Rheostate — 600 — Same  roaring. 
Ka.O.  >  700—  **         ** 

Ka.O. —  No  reaction.  800 —  **         ** 

An.S.  — Loud  hissing  (seething).  900 —  "         "  still  pain. 

*  In  order  to  prevent  deception  on  this  point,  the  finger  was  pressed  on  the 
tragus  and  found  to  produce  the  same  apparent  sensation  of  rumbling.  The 
apparatus  used  in  this  exj^eriment  had  no  current  reversor,  consequently  it  was 
neces-sary  to  continually  move  the  electrode  to  and  from  the  tragus. 
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An.D. — Same  > 
An.O. — No  reaction. 
Considerable   pain    in   ear ;     much 
stronger  flashes  and  dizziness;  metallic 
taste ;    burning  in  wrist  of  the  hand 
holding  cathode. 

The  rheostate  was  now  brought  into 
use. 

24  El.  K.  S.  — Low  rumbling  and  hissing 
in  other  ear  ;   very  great  pain  ; 
perspiration  on  forehead,  and 
muscular  contractions. 
Ka,l). — Same  00 
Rheostate — icx) — Same  roarmg. 
200 —  ** 
300 — Less 
400 —  " 
500 —  **         **  less  pain. 


<k 


{( 


(< 


1,000 — Much  less  roaring, 
and  hissing  in  other 
ear  much  less. 
Ka.O.  — No  reaction. 
The  anode  reaction  with  the  resis- 
tances of  the  rheostate  was  as  follows : 
An.S.  — Very  loud  hissing. 
An.  D.  00  and  flow  of  saliva. 
Rheostate — 100^ Very  loud  hissing. 


200 — 


(< 


(( 


«< 


300—  " 

<« 

c« 

400 — Loud 

cc 

500—  " 

<c 

600 — Less 

<c 

700—  ** 

«( 

800—  " 

(( 

900 —  " 

« 

1,000 — Much  less 

« 

Concerning  the  above  case  it  may  be  remarked  : 

1.  The  deviation  from  the  normal  formula  was  unmistakable. 
The  anode  reaction  was  very  decided,  there  was  no  possiblity 
of  a  mistake.  The  chief  difficultv  was  with  the  cathode.  A  low 
rumbling  or  roaring  was  all  the  reaction  that  could  be  obtained 
with  Ka.S.  or  Ka.  D.  and  that  only  when  many  elements  were  used. 

2.  The  accompanying  phenomena — dizziness,  pain,  contractions 
of  the  facial  muscles,  metallic  taste,  flow  of  saliva,  perspiration  on 
forehead,  burning  and  contraction  of  the  muscles  of  the  hand  hold- 
ing the  electrode — were  present,  but  did  not  interfere  with  the  ob- 
servation of  the  reaction  of  the  nerve.  It  is  just,  however,  to  re- 
mark that  this  individual  has  been  accustomed  for  many  years  to 
ex])erinient  on  himself  with  electricity,  and  therefore  would  be  little 
liable  to  be  annoyed  or  distracted  by  their  incidental  phenomena  ; 
yet  even  he  was  deceived  momentarily  by  the  rumbling  of  a  dis- 
tant wagon.  Constriction  of  the  throat,  of  which  some  complain, 
was  not  experienced. 

3.  The  use  and  value  of  the  rheostate  was  demonstrated,  al- 
though not  to  a  marked  degree.  The  sound  sensibly  diminished 
with  the  increase  in  the  number  of  resistances.     It  would  not  be 
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difficult  to  see  that  very  different  reactions  might  be  obtained 
within  the  limits  of  these  resistances. 

The  following  pathological  case  is  of  double  interest,  since 
benefit  to  the  hearing  seemed  to  result  immediately  after  the  gal- 
vanic examination. 

G.  K.  ]{.,  aged  18,  had  from  his  early  boyhood  suffered  from  chronic  ulcera- 
tion of  the  meml)rana  tympani  with  discharge.  In  the  left  ear  the  drum  bad 
disapi)earcd.  The  watch  could  be  heard  only  on  pressure.  There  was  no  tin- 
nitus.    The  eustachian  tube  was  per\'ious. 

Three  years  before  the  right  ear  had  been  similarly  affected,  and  had  entirely 
recovereti  under  the  influence  of  treatment,  so  that  the  discharge  ceased  and 
the  hearing  was  normal.  At  that  time  Dr.  St.  John  Roosi  saw  the  case  in 
consultation  and  confirmed  the  diagnosis. 

August,  182a  The  patient  again  consulted  us  for  his  right  ear,  which  we 
found  in  the  condition  described,  and  which  was  similar  to  that  in  which  we 
had  found  it  three  years  before.  At  this  time  we  decided  to  test  the  galvanic 
reaction,  which  we  were  able  to  do  without  difiiodty,  by  the  external  method. 

The  result  was  as  follows  : 


8  El:  Ka.S. 

Some  rumbli 

Ka.D. 

C(                        C( 

Ka,0. 

No  sensation. 

An.S. 

Rumbling. 

An.  I). 

i( 

An.(). 

No  sanation. 

With  10  and  12  elements  there  was  the  same,  but  louder,  and  with  iS 
elements  a  sound  like  the  ringing  of  a  large  bell,  reaction.  When  16  elements 
were  used,  the  patient  experienced  a  sensation  of  hissing  with  .An.S.  and  An.  1). 

After  various  changes  of  the  current,  a  less  numl)er  of  elements  brought  a 
decided  reaction.  In  order  to  see  whether  the  patient  deceived  himself,  or 
whether  the  sounds  were  produce^l  by  the  agitation  of  the  water  in  the  ear,  we 
applied  the  elect ro<le  to  the  tragus,  when  disconnecteil  from  the  battery. 

Immeiliately  after  the  sitting  the  patient  said  that  he  could  hear  conversa- 
tion I>ettcr.  The  week  following  the  same  exjieriment  pro^luced  the  same  re- 
sult. I  )iiring  the  interval  magnesia  had  been  blown  into  the  ear  in  considerable 
<|uantities,  so  as  to  interfere  somewhat  with  the  hearing  power ;  for  that  reason 
it  was  impossible  to  determine  whether  the  improvement  was  permanent. 

Dizziness  in  this  patient  was  very  marked  and  lasted  by  terms  for  several 
days. 

In  order  to  make  these  experiments  successfully  either  on 
healthy  or  pathological  cases,  and  especially  in  order  to  make 
them  with  such  accuracy  and  confidence  as  to  invariably  distin- 
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guish  between  the  healthy  and  diseased  ear  by  the  character  of  the 
reaction,  the  following  conditions  are  essential : — 

1.  Convenient  galvanic  apparatus.  Although  the  auditory  nerve 
may  react  to  the  faradic  current,  as  Brenner  has  shown,*  yet  on 
account  of  its  less  power  of  overcoming  resistance,  and  the  fact  that 
the  reactions  can  only  take  place  during  the  very  rapid  interruptions 
of  the  current,  it  can  be  made  of  but  little  service  in  making  these 
nice  distinctions.  A  very  powerful  battery  is  not  needed.  The 
range  of  elements  to  which  the  auditory  nerve  sensibly  reacts  is  be- 
tween 2  to  20.  In  some  cases  very  strong  currents  are  necessary. 
The  galvanic  batteries  and  electrodes  described  in  this  work  are 
adai)ted  for  these  investigations.  There  should  be  a  current  re- 
versor. 

2.  A  right  method  of  application  and  practice  in  using  it 

On  the  whole  the  best  method  of  ap|)lication  to  produce  these 
reactions  is  the  external  arrangement,  in  which  one  pole  is  firmly 
pressed  on  the  tragus  (the  ear  external  auditory  canal  having 
been  i)reviously  filled  with  warm  salt  water),  while  the  other  is 
held  in  or  fastened  on  the  hand  of  the  opposite  side.  Any  conveni- 
ent electrodes  may  be  used  for  these  purposes.f  So  long  as  the 
l)ole  whose  specific  effect  we  desire  to  ])roduce  is  on  the  right 
place  in  the  ear  or  on  the  tragus,  the  position  of  the  other  elec- 
trode is  not  absolutely  essential,  provided  it  is  son:ewhere  on  the 
opposite  side,  so  as  to  alloiu  the  current  to  pass  through  the  au- 
ditory fierve.  It  is  difficult  or  impossible  to  get  the  reaction  while 
the  pole  is  on  the  mastoid  process  of  the  same  side.  It  has  been 
shown  that  when  both  poles  are  placed  in  the  auditory  canal  by 
means  of  a  double  electrode,  the  auditory  nerve  reacts  to  the 
nearer  pole. 

A  number  of  intelligent  and  practised  patients  with  both  healthy 
and  diseased  ears. 

*  We  do  not  mean  by  this  remark  to  give  the  impresj-ion  that  electricity  can 
bv"  mathematically  measurcxi  by  the  numljer  of  elements.  Much  dcixmds  on  the 
si/.e  of  the  element,  the  strength  of  the  solution,  the  extent  to  which  it  has 
been  usetl,  and  the  cimdition  of  the  atmosphere  from  day  to  day.  Stuhrer's 
elements  are  of  al)out  the  average  strength. 

t  I*p-  101-103. 

24* 
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The  advantages  of  intelligence  on  the  part  of  llif  ijatiunt  I 
obvious.  Just  as  in  investigating  clcclro- muscular  sensibility  it  2t 
necessary  to  depend  entirely  on  the  Btatcmcnts  o\  the  p.itic^nt  for 
our  information.  Even  the  strong-minded  and  intulligKnt  are 
sometimes  so  distressed  by  the  pain  produced  by  the  applications, 
or  so  distracted  by  the  sensations  of  dies'ineis,  and  the  cttntractions 
of  Ihe  facial  mHsdes,  that  ihey  are  unable  to  rightly  interpret  their 
subjective  sensations  in  the  ear.  Ii  is  neccs.'iary  that  l!ic  experi- 
ments should  be  made  on  a  number  of  patients  in  order  to  obt-tin 
the  variety  of  reactions  that  are  described  by  Brenner. 

It  is  best  also  to  jnake  the  first  experiment  on  patients  wlio 
have  diseased  ears,  for  it  is  as  true  of  the  auditory  as  of  the  ttasul 
jiassages  that  they  become  less  sensitive  when  diseased.  This  is 
to  be  explained  partly  by  the  manipulations  and  treatment  to 
which  such  patients  become  accustomed,  and  partly  by  tJic  fact 
that  the  morbid  iirocess  itself  |)roduccs  callousne&s  of  the  parts. 

The  operator  should  proceed  cahiily  and  with  self  command. 
After  the  patient  is  in  position,  with  his  head  inclined  on  the  back 
of  the  chair  or  lounge,  and  one  of  the  electrodes  fastened  to  or  hel<l 
in  the  hand  opposite  the  ear  to  be  experimented  on.  a  little  wanii 
salt  water  should  be  dropi>ed  in  (which  can  be  very  conveniently 
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If  the  battery  is  provided  with  a  commutator^  for  increasing  and 
diminishing  the  number  of  elements  brought  into  requisition,  a 
current  reversor  for  changing  the  direction  of  the  current  without 
removing  the  poles,  and  a  rheostate  for  introducing  resistances  into 
the  circuit,  the  labor  of  the  operator  will  be  materially  lightened, 
but  such  appliances  are  not  indispensable.  The  operator  should 
remember  that  the  reactions  are  modified  by  the  experiment  itself. 

{a)  K.a.S  is  most  effectual  after  An.S.  Therefore  the  use  of  vol- 
taic alternatives  is  of  service. 

(b)  The  excitability  of  the  nerve  is  increased  by  long  closure 
of  cathode  (Ka.S.) 

(c)  The  excitement  of  An.O.  increases  with  the  strength  of  the 
current  and  the  length  of  closure. 

It  should  be  remembered  also  that  Ka.S.  is  stronger  and  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  department  these  three 
leading  statements  of  Brenner,  that  the  auditory  nerve  reacts  to 
the  nearest  electrode  in  a  regular  manner,  that  in  health  sounds 
of  some  kind  are  produced  at  the  closing  and  in  the  duration  of 
the  cathode,  and  that  in  pathological  cases  a  part  of  the  normal 
formula  is  more  or  less  changed — are  capable  of  sufficient  and 
easy  demonstration  to  those  who  are  thoroughly  familiar  with 
electro  therapeutical  experimen tation. 

On  the  other  hand,  some  of  the  special  features  of  Brenner's 
system  offer  difficulties  in  the  way  of  their  successful  and  uniform 
demonstration  that  can  only  be  overcome  by  careful  practice  in 
this  special  department.  To  catch  the  sounds  which  in  health 
are  heard  at  tlie  opening  of  the  anode ;  to  distinguish  between  the 
noise  caused  by  the  agitation  of  the  water  in  the  ear,  aud  the  sub- 
jective sounds  that  are  so  frequently  the  symptoms  of  disease  of 
tlie  arditory  ap[)aratus  and  the  genuine  reaction  of  the  auditory 
nerve  ;  to  obtain  the  complete  normal  formula  in  health  and  to  sat 
isfactorily  discriminate  between  the  various  abnormal  reactions  of 
disease — the  first  attempt  to  fully  corroborate  all  the  assertions  in 
these  particulars  will  usually  result  in  complete  or  partial  failure, 
especially  to  those  who  are  unfamiliar  with  the  use  of  galvanic 
apparatus. 
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Among  the  special  conclusions  to  ^hich  Brenner  has  been  led 
by  his  researches  are  the  following  : — 

1.  Disease  of  the  auditory  nerve  is  frequently  complicated 
with  and  results  from  disease  of  other  jMurts  of  the  ear.  This 
complication  is  seen  not  only  in  long  standing,  but  sometimes  in 
recent  cases  as  in  catarrh  of  the  middle  ear. 

2.  Absolute  deafness  and  want  of  conducting  power  of  the 
bones  are  no  necessary  evidence  of  disease  of  the  auditory  nerve. 

^^.  The  causes  of  the  changes  in  the  normal  reaction  of  the 
auditory  nen-e  to  the  galvanic  current  may  be  either  in  the 
nen-e  or  in  other  parts  of  the  e^r. 

The  changes  in  the  auditory  ner\'e  are  hyperasihesia^  torpcry 
(an;vsthesia)  or  other  peculiar  modifications  of  its  function. 

The  changes  in  other  parts  of  the  ear  are  deposits  of  morbid 
prod  nets  s  ^roiM^  suppuration,  7£*oundSy  defects, 

J\\;,'n'es  of  Irritability, — Ikenner  distinguishes  three  different 
degrees  of  irritability  of  the  auditory  nerve,  according  to  the 
number  of  elements  that  it  takes  to  excite  the  reaction,  llie 
degrees  of  irritability  may  be  changed  diuing  the  sitting  by  the 
effect  of  the  current  on  the  nerve,  and  especially  by  the  voltaic 
alternatives. 

Thus,  if  at  the  beginning  of  the  sitting  the  ner\'e  reacted  to  16 
elements,  but  to  no  number  less  than  that,  these  16  elements  would 
rei)rosent  the  primary  irritability  of  that  ner\'e. 

If  by  various  alternations  of  the  current  the  nerve  is  brought 
into  a  condition  that  it  reacts  to  12  elements,  these  12  elements 
represent  the  siconJary  irritability  of  that  nerve. 

If,  by  still  further  excitation,  the  nerve  is  made  to  react  to  10 
elements,  these  10  elements  represent  the  tertiary  excitability  of 
that  nerve. 

Treatment  of  Diseases  of  the  Ear, — In  addition  to  the  general 
reasons  already  presented  for  the  backward  and  unsatisfactory 
condition  of  the  electro-therapeutics  of  the  ear,  two  other  special 
reasons  mav  be  adduced. 

1.  The  comparative  infrequency  of  purely  nervous  diseases  of 
the  ear.  Formerly  the  diagnosis  was  made  freciuently  and  indis- 
criminately ;  now  it    is  made  but  rarely  and  chiefly  by  exclusion. 
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On  this  point  Triiltsch  ♦  observes,  "  With  every  increase  of  our 
knowledge  of  the  morbid  processes  taking  place,  this  side  of 
the  labyrinth,  and  with  every  improvement  of  our  method  of  ex- 
amination, the  field  of  nervous  aflfections  of  the  ear  becomes 
smaller." 

2.  The  fact  that  very  few  aurists  or  electro-therapeutists  have 
tried  electrical  treatment,  even  in  those  cases  of  deafness  for 
which  it  would  appear  to  be  indicated. 

It  would  seem  from  the  researches  of  IJrenner  that  the  auditory 
nerve  is  more  or  less  implicated  in  many  cases  of  deafness 
de|)endent  on  changes  in  the  drum  and  middle  ear,  and  that  in 
all  such  cases  electrical  treatment  is  indicated 

Treatment  with  the  Faradie  Current, — IJrilliant  cures  have  been 
accidentally  accomplished,  from  the  very  earliest  history  of  these 
experiments  ;  but,  for  the  reasons  mentioned,  they  were  excep- 
tional, occasional,  and  could  not  be  scientifically  reported. 

In  the  United  States,  cures  of  deafness  have  occasionally  been 
accomplished  by  uneducated  em[)irics,  who  have  treated  all  forms 
of  disease  of  the  ear,  from  inspissated  cenunen  to  disease  of  the 
auditory  nerve,  by  some  unscientific  and  uniform  method  of  fara- 
dization. 

Duchenne  re])orts  one  case  by  faradization  of  hysterical  deafness 
of  many  months*  standing  ;  one  caused  by  < quinine  ;  one  consecu- 
tive to  an  eruptive  fever ;  one  following  measles  ;  one  of  twenty 
years'  standing.  Several  cases  of  nervous  deaf-nuiteism  were  also 
improved. 

The  conclusions  to  which  he  arrived  are  as  follows  :  f 

1.  "That  nervous  hysterical  deafness  is  generally  caused  by 
electrical  excitation  of  the  chorda  tympani  and  movements  of  the 
chain  of  little  bones." 

2.  **  That  cases  of  nervous  deafness  consecutive  to  eruptive 
and  continued  fevers  have  been  cured  by  the  same  treatment, 
even  though  they  have  been  of  long  standing,  and,  from  the  fact 

*  Treatise  on   Diseases  of  the  Ear.     Translated  and   edited  by  I).  B.  St. 
John  Roosa,  second  American  edition,  1869,  p.  496. 
f  Op.  cil.,  pp.  1013,  103a 
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i)f  thfir  rcMslancf    to    ordinaiy  remedies,  have  appeared  lo   be 

3.  "  Tlial  probably  the  therapeutical  action  of  the  process  of 
fariidizalion  is  chiefly  dtie  to  the  undulations  of  the  labyrinthine 
li(|uid  prodviced  by  the  movements  of  the  chain  of  little  bones, 
and  consequently  of  the /I'/jMfra  ovali.'" 

4.  "'ITiat  eleclric  exploration  of  the  ear  furnishes  no  (lathog- 
noinonic  sign  whicli  permits  the  prognosis  of  incurability  of  the 
(Jeafness." 

Chronie  Iiiflammuiion  0/ Middle  Ear.—A%  far  as  we  can  judge 
from  our  own  oliser^'ations,  old  cases  of  chronic  inflammation  of 
the  middle  car,  where  the  hearing  power  is  so  jiiiich  impaired 
that  a  watcb  can  be  heard  only  on  pressure,  offer  an  unfavorable 
lirognoais. 

The  best  results  are  obtained  in  those  cases  that  are  just  pass- 
ing from  the  subaciile  to  the  chronic  stage.  We  are  inclined  lo 
the  belief  that  these  results,  when  they  do  occur,  are  brought 
aixiiil  I.iy  the  i/ur/m/iica/  action  of  the  farniiic  eiirrenl,  on  the  ad- 
hesions within  the  miildk  ear.  In  some  even  long-standing  caSes 
of  the  middle  ear  temporary  improve- 
of  heariiiL'  imuietliatelv  follows  faradization. 
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of  the  ear,  Brenner*  and  Hagenf  substantially  agree  to  the  fol- 
lowing conclusions  : 

1.  The  galvanic  current  is  indicated  not  only  for  those  cases 
where  no  morbid  changes  can  be  diagnosticated,  but  also  in  all 
cases,  however  complicated,  in  which  the  abnormal  reaction  to 
the  current  shows  that  the  nerve  ])articipates  in  the  disease. 

2.  The  galvanic  treatment  may  aid  in  the  absorption  of  mor- 
bid deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  from  our 
own  comi)arative  observations,  we  are  justified  in  stating  with 
positiveness  that  the  galvanic  current  is  on  the  whole  of  greater 
service,  and  is  of  greater  promise  in  the  electro-therapeutics  of  the 
car  than  the  faradic. 

The  results  obtained  in  the  electric  examinations  are  not  uni- 
form or  ahvays  reliable  guides  to  the  special  method  of  treatment 
that  it  is  best  to  adopt. 

Reasoning  H  priori^  it  would  be  inferred  that  the  reaction  of 
hyperiesthesia  would  call  for  treatment  by  the  anode,  and  the 
reaction  of  torpor  (anaesthesia)  for  treatment  by  the  cathode  ;  but 
experience  shows  that  there  is  no  uniformity  to  this  law. 

Moos, J  in  the  remarkable  case  to  be  hereafter  cited,  found 
that  the  cathode  at  one  time  exercised  a  temi)orarily  beneficial 
influence  on  the  subjective  symptoms,  which  usually  disappeared 
only  under  the  anode. 

Krb§  also,  in  case  of  **  simple  hypcnesthesia  of  the  right  auditory 
nervt\''  with  "  inversion  of  the  normal  formula,^*  found  that  the  tin- 
nitus was  (juieted  by  the  closing  of  the  cathode  (Ka.S.)  and  not  by 
the  closing  of  the  anode  as  would  have  been  expected. 

Still  further,  it  is  not  demonstrated  that  in  many  of  the  cases  of 
hyi)enesthesia  that  were  successfully  treated  by  the  anode,  or  of 
tor])or  (anaesthesia)  that  were  successfully  treated  by  the  cathode, 
the  results  might  have  been  ecjually  or  more  successful  if  the 
poles  had  been  reversed.     The  conclusion  is,  therefore,  that  while 

*  (^p.  cit.,  Banrl  i.,  p.  262. 

t  Praktischc  Beitrage  zur  Ohrenhcilkunde,  I^ipzig,  1866,  p.  29. 

\  Archives  Ophthal.  an'l  Otol.,  vol.  i.,  No.  2,  p.  488. 

$^  .\rchives  Ophthal.  and  Otol.,  vol.  i..  No.  i,  p.  28. 
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the  gcnernl  law  laid  down  on  page  165,  that  Ihe  pfTitife  fote  u-J 
tht  whole  the  mure  calming  and  Iht  negative  tfie  morf  irritaiing, 
applies  to  the  anditoiy  nerve,  as  to  Other  pans  of  the  boclj-,  yci  it 
is  always  liable  to  many  real  or  apparent  exceptioiis,  and  in  ibc 
present  state  of  our  knowle<!g«  of  ihe  system  the  rule  can  nercr 
be  made  an  absolute  or  timfonn  giiidc  m  the  e4cclro-ther3|)cutks 
of  the  car. 

Brenner  •  details  1 1  cases  of  cjifeeases  of  the  ear  trcilted  liy  ibc 
galvattic  ctirrcnt. 

In  one  case  of  thickening  of  the  drnm,  the  currcni  cauted 
absorption. 

In  one  case  of  hypeKcsthesia,  with  tinnitus  auriuiti  ami  anaiu- 
mica)  changes  in  the  middle  ear,  the  tinnilos  was  rapidly  cured. 

In  one  ca.se  of  hyjwticsthesia,  aflerihe  use  of  quinine  tbere  was 
recovery. 

In  one  case  of  hyperiesthesia,  with  tinnitus  ainiuin  and  cntnrrit 
of  the  middle  ear,  the  tinnitin;  was  cured. 

In  one  case  of  obstinate  subjective  symptoms  of  variuns  kinds 
there  was  improvement  under  great  difficulties  of  applicaiiob. 

In  one  case  of  noises  in  the  head  and  ears  of  ten  yvara'  standing, 
with  ]iii|)ortant  anatomical  changes  in  the  ear,  ihere  was  imprwvc-  J 
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with  the  patient  by  writing.  This  deafness  was  preceded  by  abnormal  sensi' 
fineness  of  the  ear,  aud  distressing  acuteness  of  hearing.  Two  weeks  after- 
wards, the  ninth  week  of  her  sickness,  the  sensitiveness  had  diminished  and  her 
deafness  was  absolute.  In  the  eleventh  and  twelfth  weeks  of  the  disease  she 
iKJgan  to  suffer  from  hysteria  or  epileptic  attacks^  lasting  for  a  half  to  one  and 
a  half  hours,  from  one  to  three  times  a  day.  These  attacks  were  accompanied 
by  loss  of  consciousness,  tetanus,  clonic  cramps,  and  pains  in  the  back  and 
alxlomen.     There  was  also  unilateral  hypenrsthesia  of  the  scalp  and  face. 

These  symptoms  were  variously  treated  by  the  galvanic  current.  The  pa- 
tient was  treated  with  the  galvanic  current,  at  first  daily,  from  May  loth  to 
July  27th. 

At  first  there  was,  as  has  been  stated,  a  feeble  reaction  to  the  current.  This 
was  followed,  in  a  few  days,  by  simple  hypenrsthesia^  combined  with  a  para- 
doxiral  reiiction  in  the  ear  not  treated,  and  lastly  hyi>enesthesia  with  qualita- 
tive change.  When  the  cure  was  complete  the  normal  formula  of  Brenner  ap- 
}x;ared. 

On  the  eleventh  day  of  the  treatment  the  patient  heard  her  own  voice  in  the 
left  ear,  immediately  after  the  galvanic  treatment.  Noises  in  the  ear 
appeared  which  were  treated  by  the  anode.  On  the  i8lh  and  24th  of  June, 
ccmductibility  of  the  tones  was  noticed  for  the  first  time.  July  12th,  two 
months  from  the  l)eginning  of  the  treatment,  the  patient  could  hear  the  watch 
on  the  right  side  10  feet,  on  the  left  9  feet.  The  treatment  now  caused  diz- 
ziness, wliich  made  it  necessary  to  give  longer  intervals  during  the  stances,  and 
it  waN  found  necessary  to  use  very  weak  currents.  The  patient  was  now  sent 
to  Hlack  Forest,  where  in  six  weeks  she  fully  recovered. 

On  the  29th  of  April,  Dr.  Moos,  an  experienced  aurist,  who  had  once  be- 
fore examined  the  patient,  came  to  the  conclusion  that  there  was  perfect  par- 
alysis of  both  auditory  nerzfes.      The  electric  examination,  made  on  the  9th 
an<l  loth  of  May,  gave  the  following  result : — 
Right  Ear.     10  KL  900  cR*   K.S.    — Lively  whirring  sound. 

K.  I ).  — Same  gradually  disappearing. 

K.O.  — No  result. 

An.S.— "       ** 

An.I).—  **       " 

An.O.—  "       " 
Lkkt    Kar.      10    Kl.    400   cR  KS.     — Scratching  of  a  violm. 

K.I).  — The  same,  lasting  a  short  time. 

K.O.  — None. 

An.S.  —    " 

An.!).—    " 

An.O.—    " 
The  ears  were  differently  affected.   On  the  right  side  there  was  "  paralysis  of 

*  Resistances  of  the  rheostatc. 
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Ihc  nuililory  nerve,  jiaralysis  of  the  yeast  of  touch,  ai  well  m  ptualy^U  of  tl 
tropbic  nerves,  (lecubilus  'if  the  righl  coni-lKi."  t.>n  llie  left  •.(■!»  Ihvie  H 
"  parnlysiii  of  the  nerve  of  hearing,  Igng  conliniuKl  hypi-ntstheua  of  tilt  a 
of  touch." 

Concerning  this  cast-  we  may  remarfe  ; — 

1.  It  was  unquestionably  a  case  ol  hysteria  as  wc  hsvs  < 
fined  that  term  (see  p.  312)  of  which  Ihc  rhcninatic  ttfTection  \ 
the  exciting  cause. 

2.  Although  the  element  of  time  should  not  be  ignored,  y«  t 
recovery  was  mainly  due  to  the  electrical  treatiiicnL  This  i 
proved  by  the  immediateness  and  rapidity  of  the  results. 

3.  The  case  estahlishes,  so  far  as  a  single  case  can,  the  ; 
stantial  correctness  of  the  main  pro]insitions  of  Rrcnncr. 

4.  It  is  not  demonstrated  that  the  exclusive  ust'  of  either  \ 
was  necessary  to  obtain  the  result,  and  it  is  entirely  probable  tfail 
the  faradic  current  might  have  been  of  more  or  less  service. 

Moos*  relates  a  case  of  cerebro-spinal  meningitis  that  was  fobl 
lowed  by  complete  deafness,  that  gradually  improved  so  thai  h^4 
could  hear  one  or  two  feet.  The  patient  was  troubled  with  tinnitiuifl 
aurlum  and  also  with  headache  and  vertigo.  With  the  ri^te; 
heard  nothing  ;  with  the  left  ear  could  htar  the  voice  two  feet 
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We  have  obtained  a  perfect  cure  in  one  marked  instance  by 
this  method  of  treatment. 

The  evidence  is  accumulating  that  both  the  general  and  the 
special  proi)ositions  of  Brenner  are,  in  the  main,  entirely  demon- 
strable to  all  who,  with  the  requisite  facilities,  conduct  their  expe- 
riments with  sufficient  skill  and  perseverance. 

The  same  opposition  which  Brenner  has  encountered  has  been 
directed  against  every  original  explorer  in  electro-therapeutics. 
Science  is  and  should  be  sceptical ;  but  its  scepticism  should  be 
based  on  intelligence  and  not  on  ignorance,  for,  as  Whately  very 
truly  observes,  he  who  rejects  reliable  evidence  is  really  more 
credulous  than  he  who  accepts  it,  for  of  two  suppositions,  he 
believes  that  which  is  the  more  improbable. 

Those  who  live  in  memory  of  the  times  when  the  now  estab- 
lished i)rinciples  of  Duchenne  were  regarded  with  indilference  or 
disbelief;  when  the  discoveries  of  Remak,  that  have  so  enriched 
and  enlarged  the  sphere  of  electro-therapeutics,  were  laughed  to 
scorn  in  the  scientific  centres  of  Europe;  when  the  idea  that 
electricity  could  be  made  available  for  the  improvement  of  nutri- 
tion and  the  improvement  of  the  general  functions  was  universally 
dismissed  without  discussion — ought  certainly  to  be  slow  in  doubt- 
ing and  still  slower  in  rejecting  even  the  most  radical  statements 
in  electro-therapeutics  that  have  passed  the  cnicial  test  of  experi- 
ence at  the  hands  of  any  intelligent  observer. 

In  conclusion  we  may  call  the  attention  of  aurists  and  of  elec- 
tro-therapeutists to  these  three  propositions,  which  are,  we  believe, 
legitimate  and  necessary  inferences  from  the  facts  that  have  been 
presented,  and  which,  we  feel  assured,  will  be  amply  sustained  and 
reinforced  by  the  experience  of  the  future  : 

1.  The  method  of  diagnosticating  the  condition  of  the  auditory 
nerve  by  the  galvanic  current  in  diseases  of  the  ear,  with  all  its 
necessary  difficulties  and  imperfections,  is  yet  of  such  decided 
value  as  to  entitle  it  to  a  faithful  trial  in  all  delicate  and  doubtful 
cases. 

2.  Cases  of  nervous  deafness  or  of  deafness  resulting  from 
various  pathological  conditions  with  which  a  morbid  condition  of 
the  auditory  nerve  is  complicated,  and  all  cases  of  tinnitus  aurium^ 
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ivli:itL-ver  mny  he  their  supposed  pathology,  should  only  be 
regiirdcd  as  liopuless  after  the  failure  of  persevering  and  varied 
Ireatiiicnt  hv  electricity,  although  perfect  or  approximate  cures 
will  1)L'  iiljlainfd  unlv  in  a  suiall  percentage  of  the  cases. 

3.  'I'hu  ircaiment  iif  opacity  and  thickening  of  the  drum  and  of 
chniiiic  inllaiumatioii  {with  the  consequent  adhesions  and  other 
inurbiri  changes)  uf  iho  middle  ear  and  eustachian  tube,  offers  a 
fair  and  iniporl:\iii  field  for  electrical  experiment. 

It  can  hardly  be  expected  that  every  one  who  studies  the 
dL'i>ariiiient  of  aiiral  surgery  can  alone  carry  out  these  elaborate 
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t  successfid  results  will  probably  flow  from 
■eration  of  the  two  specialties,  who  should 
divide  their  labors.  The  electro-therapeu- 
I  the  diagnostic  skill  of  the  aurist,  and  the 
avail  himself  of  the  technical  experience  of 


CHAPTER  XXXIV. 

RHEUMATISM. 

Rheumatism  is  a  disease  for  which  electricity,  by  various  meth- 
ods of  application,  has  been  employed  with  more  or  less  success, 
from  the  early  periods  of  the  history  of  electro-therapeutics. 
Next  to  paralysis,  it  is  perhaps  the  disease  in  which  the  orig- 
inal experiments  of  electro-therapeutists  were  most  frequently 
conducted  ;  and  for  the  reason  that  (like  paralysis)  it  is  so  fre- 
quently obstinate  to  ordinary  remedies.  It  is  now  established 
that  although  certain  stages  of  rheumatism,  especially  the  muscu- 
lar and  subacute,  and  the  chronic,  when  not  too  long-standing, 
yield  sometimes  rapidly  to  electrical  treatment,  yet  it  is  by  no 
means  the  leading  or  principal  disease  for  which  electrization  is 
indicated. 

Treatment.  —Rheumatism  is  a  constitutional  disease^  and  demands 
constitutional  treatment.  The  best  results  are  obtained  by  general 
faradization,  combined  with  faradization  or  galvanization  of  the  af- 
fected joints.  To  confine  the  treatment  to  the  affected  joint  is 
unphilosophical,  and  usually  more  or  less  unsatisfactory,  for  the  ob- 
vious reason  that  it  attacks  merely  a  local  symptom,  which  at  any 
time  may  be  transferred  to  other  and  remote  parts  of  the  body.  The 
true  method  is  to  lay  the  axe  at  the  root  of  the  tree  by  making 
the  applications  general,  so  as  to  bring  the  whole  system  under 
the  influence  of  the  current.  This  treatment  sometimes  causes 
increase  of  the  llow  of  urine,  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  Special  attention  should  be 
given  to  the  parts  which  are  chiefly  affected,  and  the  swollen 
joints  should  be  treated  by  mild  and  steady  faradization  or  galvan- 
ization. Where  in  the  acute  or  subacute  forms  the  immediate 
effects  are  agreeable,  it  is  probable  that  continued  treatment  will 
be  of  service.  For  the  local  treatment  the  galvanic  and  faradic 
current  may  be  used  alternately. 

The  effect  of  the  current  on  the  inflamed  joints  is  to  relieve  the 
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I'.iin,  rmlLici,-  ilie  inHaniiiiatiun,  and,  where  effusion  has  taken 
l)la('i>,  tij  I  .ukl-  .ib-.iir|>tioii.  Absorption  may  be  catiseii  by  both 
(.iir(L-iiI~,  in  sniiK-  i:i:-i->  more  powerfully  by  the  galvanic.  If  the 
I  iiiTfiU'.  Axv  iisfil  ino  >Iroiig  or  too  long,  the  pain  and  intiamma- 
tiun  iiv.lv  liL-  im Tfast'd.  For  applicalions  to  very  sensitive  and 
|iniiiriil  jcinls.  the  positive  pole  is  preferable  (see  p.  165).  For 
rhi/umalic  (^illosiiiL-s  and  anchylosis,  rery  prolonged  local  appli- 
t;iiiiiii';  of  ihe  galvanir:  cnrrent  may  be  tried. 

I'lii^mms, — 111  jircsenting  the  prognosis  of  rheumatism  great 
-iri'-:.  iiiiist  Ik-  Inid  im  the  distinction  between  the  chronic,  siib- 
iiciitr.  ,iml  iHiisciihir  rarieties. 

Kiirint;  our  earlier  investigations  in  electro-therapeutics  we 
tre.ili-d  pi'rlia)i>  as  tiuuiy  cases  of  rheumatism  as  of  any  one  class 
ofiliseaso.  ThL-  a|i|)aretit  results  of  treatment  by  electrization  in 
many  caso.s  iiF  inuscLihr,  and  in  a.  number  of  cases  of  the  acute, 
subaeiite,  and  diriinic  varieties  of  articidar  rheumatism,  excited 
our  i-nthu-iasTn.  and  led  ns  to  hope  that  a  remedy  had  been  found 
ihat  wmild  I'rovi.'  wry  generally  and  powerfully  remedial  in  all 
fiirin-;  of  llii-.  ili-i>aw.  Further  experience  and  investigation  com- 
pils  w-.  lu  (IliI.ti-.'  that  ivo  are  not  to  expect  5iich  rapid  and  decided 
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verity  as  to  render  any  of  the  muscles  of  the  body  almost  if  not 
(juite  powerless. 

Rheumatic  paralysis — Decided  relief  under  general  faradization. 

Case  145. — The  sufferer  was  a  little  boy,  who  for  several  months  had  been 
afflicted  with  both  acute  and  chronic  muscular  rheumatism.  The  stemo-cleido- 
mastoidcus  and  the  platysma-myoides  muscles  were  very  rigid,  and  frequently 
contracted  violently,  causing  acute  pain.  The  patient  was  unable  to  bring  his 
jaws  nearer  to  each  other  than  one-half  an  inch,  while  it  was  impossible  for 
him  to  turn  the  head  on  either  side,  without  at  the  same  lime  turning  the  whole 
body. 

The  entire  head  was  exceedingly  sensitive  to  slight  pressure  with  the  fingers. 
The  fust  application  was  maile  with  an  exceedingly  mild  and  fine  faradic  cur- 
rent, and  was  of  10  minutes'  duration.  With  the  hand  and  fingers  as  electrotles, 
we  carefully  manipulated  the  head,  neck,  and  individual  muscles,  until  the  pa- 
tient could  clo^e  his  mouth  and  turn  his  head  to  either  side  with  some  freedom, 
and  without  suffering  pain  or  inconvenience. 

In  about  a  week,  the  patient  again  presented  himself.  He  could  still  close 
his  jaws  firmly,  but  was  unable  to  turn  his  head  as  readily  as  before.  A  second 
application  relieved  him  as  completely  as  the  first.  To  our  regret  we  saw  no 
more  of  this  case  after  the  second  visit,  but  leametl  subsccjuently,  liowever,  that 
he  retained  the  improvement,  and,  under  internal  medication,  recovered. 

Intercostal  rheumatism  of  lonj  standing — Improvement  under  general  fara- 
dization. 

Case  146.  — A  gentleman,  sent  to  us  by  Prof.  Austin  Flint,  was  approxi- 
mately cure<l  of  chronic  rheumatism  that  chiefly  affectefl  the  intercostal  muscles. 

Kor  nearly  three  years  he  had  suffered,  from  time  to  time,  attacks  of  more  or 
less  severity,  although  at  no  time  since  the  disease  first  manifested  itself  had 
ht'  l)ccn  entirely  free  from  it. 

It  was  a  singular  feoture  of  his  disorder  that  it  was  aggravated  by  the  warm 
weather  of  spring  and  summer.  He  was  treated  by  general  electrization  with 
the  faradic  current  every  other  day  for  six  weeks.  He  gradually  improved, 
and,  when  treatment  was  discontinued,  he  remaine<l  comparatively  free  from  any 
symptonib  of  his  late  disorder. 

Subacute    articular    rheumatism — Muscular  soreness  and  enlargement   of 
joints  relic7'ed  by  three  general  faradizations. 

Case  147. — By  the  courtesy  of  Prof.  Austin  Flint  we  treatetl,  in  October, 
1867,  a  case  of  subacute  articular  rheumatism  in  one  of  the  wards  of  Bellevue 
Hospital.  For  three  months  the  patient  had  suffered  from  muscular  soreness 
of  the  back  and  shoulders,  and  a  considerable  enlargement  of  the  right  wrist 
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nnJ  ankle  uid  the  juiiiis  of  the  firsi  too  of  Um  foet.     Tlirp*  )*ciicnil  ■ 
caiions,  wiih  ii[iei:iiil  reference  lo  tlie  dlseanJ  piwts,  di'^ipawl  llie  n 
soreness,  and  so  deciJnlly  relieved  the  laincnuss  hu)  n^luuil  the  colniycmcntk 
of  the  joiata  that  the  patient  vm  dUdiwgcd  from  hofipital  in  llirov  weeks. 

Chronk  rhcoHUithm  of  aa/en  ytart'  ttaniliiig,  atwtfiaiurJ  *iitA  j 
~^Ineriaii  of  p,iin  and  aa  temporary  imprmitmtHt  imiifr  way  mild  J 
dita/ion  and  gaivanUation. 

CAijE  148. — Capt.  X^,  aged  43,  wa^i  fint  seen  t^  us  SqiL  ^  1868. 
seven  years  the  palienl,  who  wa5  a  [hIoI  by  ocL-upation,  hud  been  «  very  (|^ 
sufferer  from  chronic  rheumaiism  tha.t  afibcte'l  dl  tbe  liinlM.  Tlie  swollm  p 
were  excessively  rdinfui  on  movanent,  and  the  patient  was  ihtirotigtily  criiipl 
Cautious  applications  of  the  larodic  current  gave  no  relief,  and  posit[vc]]r  in- 
creased the  pain  fur  tvi-o  or  three  daysafiur  eneh  Heance.  ThcB^'vanic  current 
produced  the  same  effect  lo  a  less  degree,  and  the  ireaimcnl  wni  abandoiwL 

Both  acute  and  subacute  rheumatism  occasionaily  occtir  coin> 
lilicated  witli  neuralgia  and  nervoits  exhaustion,  and  arc  usually 
very  persistent. 


Subanilt  rieatn, 
and  Uft  knci 


a^Kled—  D(/-iiily—Ji,\- 


y  unJfr  gtnci  al farajitafiot 
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M.  Cherron*  reports  excellent  results  in  the  treatment  of  chronic 
rheumatism  by  the  galvanic  current. 

He  observed  the  following  effects  : — (i)  relief  of  pain,  (2)  pre- 
vention of  atrophy  of  the  muscles,  (3)  relief  of  deposits,  (4)  tonic 
effects  on  the  constitution. 

The  treatment  acted  on  the  system  generally,  **  improving  the 
nutrition,  and  thus  not  only  moderating  the  dyscrasia,  but  elimi- 
nating it  from  the  body  altogether,  as  is  manifested  by  the  perma- 
nent relief  obtained."  Cherron's  method  of  application  is  not 
given.     (For  treatment  of  rheumatic  paralysis  see  p.  383.) 

MYALGIA  (muscular    RHEUMATISM). 

This  name  is  commonly  applied  to  neuralgic  or  rheumatic  pain 
of  the  muscles  on  movement,  caused  usually  by  exposure  to  cold 
or  dampness.  It  may  be  distinguished  from  ordinary  neuralgia — 
first,  by  the  fact  that  the  pain  occurs  chiefly  on  movement  and  not 
on  rest ;  and,  secondly,  by  the  fact  that  the  soreness  is  diffused 
through  or  over  the  muscles,  and  not  seated  or  fi.xed  in  certain 
nerve  tracts.  It  receives  different  names  according  to  its  locality. 
In  the  back  it  is  called /ww^^rt^'-^/  in  the  thoracic  muscles,  />/t'u- 
rodynia  ;  in  the  neck  it  simulates  torticollis  or  wr}'  neck  so  closely 
as  oftentimes  to  be  confounded  with  that  affection  (see  Torticollis). 

Treatment. — Local  faradization  with  a  mild  current,  either 
stable  or  labile,  usually  relieves  such  cases  in  a  short  time.  Stable 
galvanization  also  \nth  a  mild  current  may  be  at  once  effective. 
Severe  a])plications  may  increase  the  pain  in  this  affection.  The 
fact  that  the  patient  is  not  at  once  relieved,  or  is  worse  after  the 
first  application,  should  not  discourage  us,  since  the  final  result 
may  be  satisfactory.  Of  the  large  number  of  cases  that  we  have 
treated,  nearly  all  have  been  relieved  by  one,  two  or  more  appli- 
cations. A  single  application,  with  a  fnild  current,  prolonged  for 
one  or  more  hours,  may  sometimes  entirely  dissipate  an  attack  of 
myalgia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn  on 
the  body,  have  obtained  the  best  results.     A  convenient  arrange- 

♦   GiornaU  Vencto  di  Scienze  Medic  he  ^  Deeember^  1869  (quoted  in  Practi- 
tioner ^  July,  1870). 
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:,:;-:  ::t  --._<, r^  -. r Sordid  or  condnnous  local  applicadons  of 
-.;-::    '-  ^i  .;.-,;■:  ir.:^eTiii  U  the  eleciric  ilisb  of  Dr.  GamtL 

@         ^i 

r-^    —  —     -    :!   I->K.  Fic.  SS.~Obu»-c  Bi-TTOS  Disk. 

I .~.— ■-'  a::  --■.ji  \eo' alloy — magnesium  and  ^uic — for  the  illative, 
^r.  i .  !-::  ::;  :.-r  ;v-^it:ve  |X)le.  The  siuiace  of  the  body  fonns  2 
-:  -r.-. .::  r.  Kinofn  the  lairs.  which  are  insulated  by  thin 
r^':  ■  vr.  r-j  ,;  -s  :^  made  in  two  genera]  i-arieties — the  circular 
ar..'  :".f  ■  i '..-_■. — :he  iatier  being  used  for  the  limbs  or  back  ;  the 
Kr-.:cr.  ■.«":t'r.  :?  v<;n- flexible,  can  be  applied  to  almost  any  portioa 
vi  :'r.-j  ■:■-';>•  The  very  ^lijiht  galvanic  action  of  these  disks, 
»;-:l-.  :-  cM-.ii.-:  by  :he  moi>ture  of  the  body,  may  be  increased 
:y  ui-:::-p-  the  ski:i  l-eneaih  ihem  with  salt  «-ater.  They  should 
Lir.iy  i-c  u'orr  a  ;  'an  ot  the  time,  either  in  the  day  or  ni^^t.  They 
ma>'  li-  ■.iM.'i.'.  u>r  weeks  and  months. 

I'hat  liii'se  an,l  other  similar  contrivances,  when  scientifically 
constnurti-il,  may  relieve  slight  Avu/flw^Jw/c/yJriVi/  pains,  there  is 
no  j-.ii-ii.i:!.  1:1  the  irt-aiiiient  of  deep-lying  affections  of  the 
lira;;i.  -;■■.:.. si  C'Ti!  and  viscera,  or  severe  neuralgia,  very  inanj'ini- 
portiiU  re-.:!:-  ;'..;\  i-  r.^'i  yet  Iven  rejiortetl  lor  them.  The  results 
that  .ipi-car  iimltT  iheir  use  m.ay,  perhaps,  be  sometimes  explaine<.t 
in  |ian  by  their  eiVeii  on  ihe  imagin.ation  of  the  patient,  and  by 
the  rounter-irritation  which  they  unquestionably  excite  when 
loni;  woni.     (See  pii.  137.  3(>6.) 

It  is  a  fart  of  interest  that  contimious  application  of  electricity 
is  a  revivitkation  of  a  method  that  was  rudely  attempted  as  long 
ago  as  the  days  of  Pliny,  when  necklaces  of  amber  were  worn  by 
women  and  children  for  the  sake  of  their  remedial  properties.t 

•For  hcn-ilive  patients  and  espwially  for  laities  the  oblong  "button. 
disk  "  is  usnally  lo  l>u  prcrcrreil,  on  accnunt  of  itn  greater  lightness  and  flexi- 
bility. 

f  See  tlie  Rqiort  lo  tlic  AcaiU-my  of  Scinices  on  J'/ie  Applieatk'n  of  Etec- 
fruity  to  Thera/Kii/ics.  By  M.  Bccqucrtl  and  inhers.  I'rini^ateit  by  K.  S. 
Dunsler,  W.D.  —  rsycAehgiialjfBuriial,  October,  1S69,  p.  184. 
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As  typical  of  the  results  of  treatment  in  cases  of  ordinary 
severity,  we  present  the  following : — 

Muscular  rheumatism  of  right  arm  ami  shoulder  of  several  months^  standing 

— Recovery  under  general  faradization. 

Cask  i  50.  —A  young  lady  suffered  almost  constantly  for  several  months  during 
one  winter  from  a  persistent  lameness  of  the  right  arm  and  shoulder. 

Toward  spring  the  affection  became  less  troublesome,  and  finally  ceased  to 
annoy  her.  During  the  month  of  December  of  the  following  winter  the  old 
difficulty  returned,  and  after  several  weeks  it  seemetl  probable  that  it  would 
prove  as  obstinate  as  the  previous  attack.  AlK>ut  this  time  she  submitted  to 
treatment  by  general  faradization,  and  immediately  experienced  considerable 
relief. 

In  a  few  hours  the  dull  aching  of  the  muscles  returned,  and  on  the  following 
day  the  same  treatment  was  followed  by  the  same  marked  amcliorati(m  of  the 
pain  and  lameness.  She  was  thus  treated  every  day  for  a  week,  the  recurring 
symptoms  l)cing  less  severe  after  each  visit,  until  after  the  seventh  she  ceased  to 
be  annoyed  by  them.  During  the  remainder  of  the  winter  her  system  con- 
tinued free  from  the  disorder. 

Gout. — In  the  chronic  form  of  gout  faradization  is  sometimes  of 
essential  service.  General  faradization  may  be  tried  with  the  hope 
of  raising  the  tone  of  the  system,  and  so  as  to  enable  it  to  better 
cope  with  the  disease.  Temporary  relief  of  the  pain  may  be 
derived  from  either  local  galvanization  or  faradization  ;  biit  any- 
thing like  a  permanent  removal  of  the  disease  is  not  to  be  expect- 
ed from  any  form  of  electrical  treatment. 

With  some  gouty  patients  the  electrical  treatment  acts  so  de- 
cidedly that  we  are  disposed  to  resort  to  it  during  the  subsidence 
of  each  attack,  to  relieve  the  pains  and  hasten  recovery.  (lalva- 
nization  of  the  affected  joints  does  not  seem  to  produce  the  ab- 
sorbing or  catalytic  effect  that  could  be  desired,  and,  if  too  i)ro- 
longed,  certainly  aggravates  the  condition.  Whether  any  benefit 
can  be  derived  from  any  form  of  electrization  during  the  acute 
stages,  we  are  unable  to  say.  The  treatment  of  gout  by  electricity 
belongs  to  the  early  mythical  era  of  electro-lherapeutics,  since, 
according  to  Aj)pian,  the  shock  of  the  electric  fish — the  toqjedo — 
was  used  for  the  treatment  of  this  affection  as  well  as  for 
paralysis.* 

*  I'idc  above  cjuoted  translation  of  Hecciuerel's  Report  to  Academy  of  Set 
ences,  in  Psychological  yournal^  October,  1862,  l».  284. 


580  Rheiiiiwdc  Goiil. 

Gout  of  thirty  year/  staHi/ing  in  a  geallemjin  60  years  of  aj 

/ran  general faradiialiott  in  Ikt  suhtiding  stage  vf  an  attaeik. 

Case  (51 — Mr.  W ,  a  retireJ  gcnlleman  of  60  years  "hn  had  lived  tsj 

con^erable  ease  for  a  number  of  years,  consilllcd  us  March  ao,  1S68. 
thirtyyearabehadsuflcredframatlacksof  goat,  et^cioUyduring  thefal 
ler  seasons.  Wlien  he  first  consul! c  J  u^  he  was  in  thesubsiding  stage  of  a  se 
attack.  We  gave  hiui  four  apptlcalions  of  general  famdizalioi 
pains  and  seemed  to  hasten  his  return  la  Ms  usual  condition  at  liealth  during 
the  intervals.  Sulsequenliy  the  patient  resorted  to  electrical  treatment,  with 
decided  benefit.  Whether  the  treatment  bad  the  effect  to  diminiiih  the  violence 
or  frequency  of  the  attacks,  wc  have  not  been  informed  ] 

Rheumalie  Gout  (Arthritis  nodosa). — This  affection  is  neithwj 
gout  nor  rheuniatisji),  but  appears  to  be  a  distinct  constitutioaalfl 
affection.  It  occurs  most  frequently  in  the  delicate  and  tbe^ 
nervous  and  may  be  regarded  as  essentially  a  condition  of  debil-4 
ily.  It  is  very  apt  to  atfect  the  hands,  fingers,  and  toes,  and  J 
sometimes  thoroughly  cripples  the  patient.  I 

Treatment. — This  condition  is  most  successfully  combated  byn 
tonics,  and  electrization,  more  for  its  tonic  effects  on  the  system  J 
than  for  any  special  catalytic  power  over  the  enlarged  joints^  I 
General  faradization  and  galvanization  of  the  sympathetic  are  the  J 
methods  that  experience  has  shown  to  be  niosl  useful  in  this  veiyfl 
intractable  malady.  \ 

Prognosis. — The  prognosis  in  rheumatic  govil  is  not  favorable.  1 
The  pains  can  be  relieved,  the  sleep  can  be  improveti,  and  the  I 
system  can  be  in  every  way  strengthened  by  the  electric  treat-  ■ 
ment,  and  even  the  enlarged  joints  can  be  made  tu  diminish  in  I 
size,  or  at  least  to  be  less  troublesome.  As  nearly  all  jiatients  J 
afflicted  with  rheumatic  gout  are  in  a  condition  of  debility,  the  I 
improvement  experienced  at  first  under  general  faradization  ua 
such  as  to  lead  them  to  hope  for  a  permanent  eradication  of  the  ■ 
disease.  In  this  respect  they  are  always  disappointed.  The  di*.  ■ 
ease  may  be  h(;ld  at  bay.  but  is  never  banished.  It  is  doubtfu^,  m 
indeed,  whether  the  benefit  is  not  entirely  due  to  the  tonic  effects  J 
of  the  treatment  on  the  system,  and  not  at  all  to  any  special  influ"^ 
ence  over  the  rheumatic  gout.  I 

Other  remedies  are  so  powerless  in  this  affection  that  electri-  I 
zation  is  worthy  of  a  trial  for  the  sake  of  its  general  effects.  j 
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Rheumatic  gout  of  seven  years'  standing,  complicated  with  general  debility — 
Imprcrifetnent  in  strength  under  general  faradization  and  local  gahfani' 
zation — No  improvefnent  in  the  affected  joints. 

Case  152. — Mrs.  P.,  aged  30,  married,  was  referred  to  us  by  Dr.  John  T. 
Metcalfe,  with  rheumatic  gout  in  both  knees  and  ankles,  and  in  the  right  hand. 
For  seven  years,  at  different  times,  she  had  been  trouble<l  with  attacks  that  had 
more  or  less  crippled  her.  At  the  time  we  first  saw  her  she  was  recovering  from 
sickness  and  confinement,  and  the  joints  were  in  the  subacute  stage. 

The  patient  was  much  debilitated,  and  for  that  reason  we  employed  at  first  gen- 
eral as  well  as  local  faradization,  with  the  result  of  manifest  improvement  in  the 
sleep  and  in  strength.  Subscfjuently,  galvanization  of  the  joints  was  tried,  but 
without  any  further  improvement.  Indeed  an  inflamed  s])ot  in  the  hand  was 
made  worse  by  the  galvanization.  The  patient  soon  left  for  the  country,  an(l 
galvanization  of  the  sympathetic  was  not  tri^xl. 


CHAPTER  XXXV. 
DISEASES  OF  THE  NOSE, 

The  medical  diseases  of  the  nose  for  which  the  electricity  is 
chiefly  used  are  rhinitis  and  anosmia. 

RHINITIS  (catarrh). 

Subacute  and  chronic  inflammations  of  mucous  membranes  are 
suscei)tible  of  electrical  treatment — may,  indeed,  be  perma- 
nently as  well  as  temporarily  relieved  by  it,  though  but  rarely 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 

Aside  from  any  chemical  effect  of  the  current,  its  mechanical . 
action  alone  would  be  sufficient  to  theoretically  account  for  the 
relief  it  gives  to  inflamed  mucous  membranes.  Stcllwag,  speaking 
of  irritants  in  general  in  the  treatment  of  external  inflammations  of 
the  eye  uses  the  following  language  :  "  The  irritation  which  they 
set  up  in  the  sensory  nerves  being  carried  over  to  the  vaso-motor 
nerves,  may  cause  a  contraction  of  the  caliber  of  the  vessels 
when  they  are  in  a  condition  of  relaxation.  This  is  done  by  the 
excitation  and  invigoration  of  the  atonic  muscular  fibres. 
The  resolution  of  the  inflammation  is  favored  by  the  lessening  or 
removal  of  the  congestion,  which  is  one  of  the  causes  of  the  un- 
favorable course."* 

The  theory  is  fully  plausible  that  electricity  operates  to  a  less 
degree  in  the  same  way,  for  its  primary  effect  is  to  increase  the 
amount  of  blood  in  the  mucous  membrane  to  which  it  is  applied, 
and  experience  shows  that  this  hyi)eriemic  condition  thus  created 
soon  passes  away.f 

The  same  explanation  will  apply  to  the  action  of  electricity  on 
all  the  mucous  membranes — the  eye,  the  ear,  the  i)harynx,  larynx, 

*  Diseases  of  the  Eye.     Translated  by  Drs.  Hackley  and  Roosa,  p.  26. 

f  Golubew  has  shown  tliat  the  capillaries  of  the  nictitating  membrane  of  the 
frog  contract  transversely  under  the  influence  of  powerful  electrical  shocks. 
(Hillroth's  Surgical  Pathology.   Translated  by  Dr.  C.  IC.  Hackley,  p.  53.) 
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and  urethra.  Certainly  the  ultimate  result  of  electrization  is  to 
give  tone  to  the  mucous  membranes,  as  to  other  tissues  of  the 
body. 

The  treatment  of  rhinitis  should  usually  be  local.  We  have 
used  both  galvanization  and  faradization  ;  but  have  not  usually  de- 
pended on  electricity  for  the  completion  of  the  cure.  In  some  cases 
we  have  used  electrical  treatment  so  long  as  it  appeared  to  be  use- 
ful, and  then  commenced  the  alternate  use  of  injections  with  the 
posterior  nasal  syringe.  The  most  convenient  and  agreeable 
method  of  electrizing  for  rhinitis  is  to  place  the  negative  pole  in 
the  hand  of  the  patient,  and  apply  the  positive  over  the  bridge  and 
sides  of  the  nose,  either  with  a  stable  or  labile  current.  The  current 
should  be  mild  and  the  application  not  more  than  from  three  to  five 
or  ten  minutes  in  duration.  The  hand  is  far  better  for  application 
to  the  exterior  of  the  nose  than  any  artificial  electrode  that  has  yet 
been  devised ;  and  as  the  current  required  is  never  strong,  even 
those  not  accustomed  to  pass  the  current  through  their  own  per- 
sons will  exi)erience  no  difficulty.  In  a  case  of  long  standing  and 
obstinate  rhinitis  which  we  completely  and  permanently  cured, 
we  used  external  galvanization  of  the  nose  in  combination  with 
local  syringing  with  mild  astringents.* 

Anosmia,  or  Loss  of  Sense  of  Smell. — A  very  frequent  result  of 
long  continued  rhinitis  is  partial  or  complete  anosmia.  The  acute 
form  that  appears  in  the  early  stages  of  severe  cold  usually  passes 
away  without  treatment  on  the  subsidence  of  the  inflammation. 
In  some  cases  anosmia  is  supposed  to,  amd  probably  does,  result 
from  careless  and  too  prolonged  use  of  over-irritating  injections. 
There  are  various  grades  of  the  disease,  from  simple  and 
scarcely  perceptible  obtusencss  of  the  smell  to  absolute  inability 
to  detect  any  odor  whatever.  Kerosene,  coflfee,  illuminating  gas, 
make  no  more  impression  than  substances  of  a  negative  charac- 
ter. 

Anosmia  may  also  result  from  central  as  well  as  peripheral  le- 
sion. 


*  For  full  details  of  the  method  of  treating  rhinitis,  see  chapter  on  Rhinitis 
in  Introduction  to  above  quoted  translation  of  Tobold. 
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Cs.5E  I5> — Mr.  H.  I.,  i  rsehcal  oiietit.  ajed  50.  vas  referred  to  ns  by 
L*r.  K.<:-vi,  >ti7.  £>.»:-     >.— .e  <\  \fjLr>  rr?»-:oi^r  :he  ;a:ient  had  fallen  from 

i  "::  r-c  .-.-.:  -_~:i-- .-'  -<  .  ::rr  ".  r:.x:s  .■.:.  _:  :.it  r.eai  ir..:  fios.     From  ihal  lime 
h-r  r-i:  -T-j--  _-.:..-  :      .:-;  jl^-LO.  mv  j.ij.r  w::b  :ho  exjeicisXi  o\  that  of  fresh 


T,-        ^    ^      -     -v- 


A  T*  ^^::i.  27;  ^:::::::r.  f  the  f-iriliJ  .urrtn:  \vi>  ::nj.ie  on  either  si.le  of  the 
r  r:  :jt  :'  ::.■=  r. .  t^,  r.tjj-  :le  c>e-,  eni'rlir.^  hini  in  :he  c-v>ur>eof  a  few  hours  to 
'.:n-.-ll  :'-■-:'.;.-  zertiir.  ^'.r-r.,:  Ter:u:ne>. 

' »-.  !ht:  :*  II  .'.virig  m  .'rr.i" j^.  houever.  he  wi-i  >arpriNel  totin.I  hiin*^;lf  able  to 
•imell  t  /r>acc«i  -r.:.-ke,  can^pl'i'ir,  Azc. 

Hi-!  H;n"<c  of  -^incLi  reni.iine  1  thas  acute  until  three  or  four  in  the  aftemoou, 
when  it  r-uMenlv  i;i>a'.^>eare'1. 

A  secm'l  application  was  followed  by  the  beneficial  result  of  the  first,  and 
with  only  a  partial  rela|>f,e,  while  the  third  and  fourth  seances  renderetl  him 
*>en>ir>Ic  to  mo>t  of  the  ordmary  odors. 

Kari'  and  atwmalous  affection  of  the  nose — Feeling  of  coldness. 

Cask  154- — Mr.  C ,  a  young  mar.  23  yearsof  age,  referred  to  us  in  May, 

1870,  by  Prof.  John  T.  Metcalfe,  presented  very  unusual  symptoms.     He  rcp- 
resentel  that  for  some  time  he  had  Iwen  annoyed  by  a  singular  feeling  of  cold- 
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ness  in  the  nose,  even  in  moderate  weather.  The  sensation,  he  represented, 
was  very  much  like  that  which  is  experienced  in  facing  a  biting  wind  on  a  cold 
day,  though  less  in  degree.  Moreover,  the  nose  was  at  all  times  abnormally 
and  disagreeably  greasy.  In  all  other  resj^ects  the  health  of  the  patient  was 
excellent. 

On  the  theory  that  p>crhaps  these  strange  phenomena  might  be  due  to  vaso- 
motor disorder,  we  tried  galvanization  of  the  sympathetic  as  well  as  galvaniza- 
tion of  the  nose  itself,  but  not  sufficiently  long  to  obtain  any  demonstrable 
result. 

DISEASES    OF   THE    HEART. 

Palpitation  of  the  Heart. — That  galvanization  of  the  symp^. 
thetic  and  general  electrization  have  a  positively  accelerating  or 
sedative  eflfect  on  the  action  of  the  heart  we  have  demonstrated  bv 
a  large  number  of  experiments.  (See  pp.  224  and  278.)  This  effect 
is  ])roduced  by  the  action  of  the  current  on  the  sym|)athetic  or  the 
pneumogastric  in  the  neck,  in  general  electrization  ;  or  it  may  also 
result,  secondarily,  from  the  influence  that  the  system  at  large  re- 
ceives from  the  application. 

Cases  of  functional  disturbance  of  the  heart,  associated  with  dys- 
pepsia and  hysteria  and  anaemia,  we  have  found  to  yield  to  gen- 
eral electrization  in  a  large  variety  of  instances,  even  when  no 
special  attention  was  directed  to  the  sympathetic  or  the  pneumo- 
gastric. 

Fliess  experimented  with  the  constant  galvanic  current  in  24 
cases,  19  of  which  were  functional,  and  5  of  an  organic  character. 

All  the  cases  were  more  or  less  relieved,  even  those  dependent 
on  stnictural  lesion,  while  the  majority  of  the  functional  cases 
wero  permanently  cured. 

His  method  of  treatment  was  the  daily  application  to  the  pneu- 
mogastric in  the  neck  of  mild,  descending,  galvanic  currents,  for 
one  or  two  minutes.  Temporary  abatement  of  the  symptoms  fol- 
lowed each  application. 

The  treatment  of  functional  palpitation  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  elec- 
tro-therapeutists. 

Pnlpitation  of  the  heart  associated  with  dyspepsia —  Unusual  susceptibility  to 
the  cur  re  tit — Great  iuiproi^ement  under  general  faradization. 

Cask  155. — Mr.  B .of  New  Jersey,  applied  to  us  March  ist,  1867,  with  the 

25* 
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symptoms  of  weakness  of  the  stomach  and  liver,  and  also  of  functional  derange- 
ment of  the  heart.  He  was  tall,  somewhat  si>are,  but  of  fair  muscular  develop- 
ment. His  occupation  was  that  of  a  farmer,  but  for  some  time  l)efore  he  visit- 
ed us  he  had  been  unable  to  make  any  protracte<l  exertion.  He  had  tested 
various  kinds  of  internal  medicines,  and  with  unsatisfactory  results. 

During  the  first  application  he  was  momentarily  overcome  by  a  feeling  of 
faintncss,  but  at  once  rallied,  and  went  away  feeling  stronger  and  brighter. 
He  continued  to  visit  us  two  or  three  times  a  week,  for  nearly  two  raontlis. 
The  improvement  was  slow,  but  very  positive,  with  occasional  temporary  re- 
lapses. The  cardiac  symptoms  gradually  diminished,  and  his  strength  increased 
to  such  an  extent  that  he  was  able  to  resume  in  part  his  daily  avocation. 

When  he  left  us  his  digestive  functions  were  well  j^er formed,  and  he  had 
made  arrangements  to  enter  upon  an  active  and  pleasant  out -door  employment. 


CHAPTER   XXXVI. 
MIDWIFERY, 

The  use  of  electricity  in  midwifery  was  first  recommended  by 
Bertholon  and  Herder  (1803).  Kilian  afterwards  used  "galvanic 
obstetrical  forceps,"  made  of  two  metals.*  Faradic  currents  were 
first  used  for  bringing  on  labor-pains  by  Hccniger,  Zyly,  and 
Jacoby,  of  Neustadt,  in  1844.  Since  that  time  the  same  agent 
has  been  used  for  this  purpose  by  Frank,  Dempsey,  Barnes,  Mac- 
kenzie, Tyler  Smith,  Radford,  and  others. 

The  indication  for  the  use  of  the  current  in  midwifery  is 
declared  to  be  an  adynamic  condition  of  the  uterus,  when  other 
conditions  are  favorable  for  or  necessitate  immediate  delivery. 
Dempsey  records  a  case  where,  after  ergot  in  large  doses  had 
failed,  faradization  for  forty  minutes  produced  uterine  contractions 
that  resulted  in  the  delivery  of  the  child. 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  fa- 
radization produced  contractions  of  the  uterus,  and  stopjjed  tlie 
very  profuse  hemorrhage.  Mackenzie  succeeded  in  stopping  the 
hemorrhage  in  two  cases  of  placenta  prjevia.  In  one  case  the 
current  was  applied  for  six,  and  in  the  other  for  three  hours,  f 

These  observers  claim  that  electricity  acts  more  quickly,  more 
uniformly,  and  with  less  injurious  effects  than  ergot. J 

DISEASKS  OF   THE    MAMMARY   GLAND — DEFICIENT   LACTEAL  SECRE- 
TION. 

Secretion  of  milk  may  be  increased  by  electrization.  Two 
methods  of  faradization  have  been  ])roposed,  one  by  means  of 

*   Meyer,  op.  cit.,  p.  452. 
f  (^U()lc<l  by  Meyer,  op.  cit.,  p.  452. 

\  Simpson  anl  Scanzoni,  on  the  other  hand,  deny  the  utility  of  electricity 
in  midwifery. 
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moist  electrodes  on  the  gland,  the  other  by  dry  electrodes,  with 
a  view  to  excite  the  secretion  of  the  gland  by  reflex  action. 

Successful  cases  have  been  reported  by  Aubert  and  Becquerel.* 
Aubert  cured  one  of  his  cases  by  dry,  the  other  by  moist  elec- 
trodes. In  the  first  case  the  patient  had  no  milk  three  weeks 
after  parturition.  After  a  delay  of  seven  months  the  treatment 
was  applied.  The  third  application  brought  on  a  milk -fever ; 
after  the  fifth,  milk  a]>i)eared.  In  the  other  case  the  mother  was 
attacked  by  pneumonia  1 1 J  months  after  confinement.  As  a  con- 
secjuencc  the  lacteal  secretion  ceased.  Four  faradizations  with 
moist  electrodes  filled  the  breasts. 

In  Beciiuerel's  case  recovery  was  obtained  by  three  applica- 
tions.    Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverpool  (quoted  by  Althaus),  reports  a  case 
of  a  lady  who,  while  nursing  her  fifth  child,  suflfered  complete  sup- 
pression of  the  lacteal  secretion,  which  the  Dr.  attributed  to  the 
tincture  of  iron  that  she  was  taking.  He  applied  the  current 
(probably  the  faradic,  which,  on  account  of  its  greater  mechanical 
effects,  would  be  more  indicated  in  such  cases)  to  the  left  breast. 
The  patient  felt  a  rush  of  milk  to  the  breast,  and  in  a  few  hours  a 
full  supply  appeared. 

The  right  breast  had  not  been  used  for  some  time,  on  account 
of  a  previous  abscess.  As  a  new  experiment,  the  Dr.  made  two 
api)lications  of  5  minutes  each  to  this  breast,  and  brought  on  as 
much  milk  as  in  the  other. 

I\'TERMITTENT  FEVER. 

According  to  Tripierf  the  electric  bath  and  statical  electricity 
have  been  used  in  certain  cases  of  intermittent  fever,  both  in  Eng- 
land and  Sweden,  and  occasionally  with  satisfactory  results.  The 
efficacy  of  the  prei)aration  of  (jninine  in  malarial  disease  has,  how- 
ever, destroyed  most  of  the  interest  that  might  otherwise  have 
attached  to  electricity  in  its  therapeutic  relation  to  fevers. 


*  Quoted  In  Meyer,  op.  til.,  pp.  451  and  452. 
f  Manuel  d'lilcclroiheraj.ie,  etc.      1K61,   p.  581. 
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In  certain  chronic  conditions  of  intermittent  fever,  where  quinine 
and  other  internal  medication  have  proved  unavailing  as  a  means 
of  permanent  rehef,  we  have  seen  undoubted  benefit  arise  from 
'general  electrization.  It  undoubtedly  acts  in  this  case  like  any 
other  stimulating  tonic  without  any  special  influence  on  the 
malarial  poison. 

Intermittent  feifer — Temporary  relief  from  quinine — Recovery  under  gener* 

al  faradization. 

Case  156. — Rev.  Mr.  I^  applied  to  us  for  treatment  in  October,  1867. 
His  general  appearance  presentetl  all  the  marked  characteristics  of  malarial 
influence,  while  he  complained  of  obstinate  constij)ation,  loss  of  a])i)ctite,  and 
a  considerable  degree  of  insomnia.  One  year  previously  he  was  prostrated  by 
an  attack  of  chills  and  fever,  but  soon  recovered  his  usual  health  under  the  in- 
fluence of  riuinine.  In  the  following  July  he  suffered  another  and  more  severe 
attack  of  the  tertian,  which  soon  changed  into  the  ({uotidian  type  of  the  disease. 
During  the  first  10  days  of  his  illness  he  took  100  grs.  of  quinine,  but  with 
little  apparent  l)enefit.  .Still  further  treatment  by  quinine  interrupted  the 
severity  and  regularity  of  the  paroxysms  but  by  no  means  effecteil  a  cure. 
For  some  time  before  he  fell  under  our  observaticm  (Oct.  14,  '67),  he  suffered 
everj'  few  days  from  what  is  commonly  termed  **  dumb  ague.'*  We  immedi- 
ately resorted  to  the  most  thorough  form  of  treatment  by  general  electrization 
with  the  faradic  current.  He  was  remarkably  susceptible  to  its  influence,  and 
over  the  region  of  the  st(miach  and  liver  esj^cially  only  a  very  slight  current 
could  l)e  l>orne. 

This  treatment  was  rejK*atetl  every  other  day  for  two  weeks.  His  bowels 
soon  l)ecame  rc»gidar,  his  appetite  improved,  and  after  the  thinl  application  the 
attack  cc.ise<l  altogether.  For  several  months,  at  least,  after  the  cessation  of 
treatment  he  continued  free  from  any  indications  of  returning  symj)toms.  Sub- 
se<[uently  he  j)assed  from  mider  our  observation. 

A  second  and  third  case,  in  which  the  symptoms  were  less 
severe,  but  fully  as  persistent,  yielded  promptly  and  completely 
to  the  same  method  of  treatment. 

Intermittent  fci'er  associated 'oith  awcsthesia^  insomnia ^  and  great  debility — 
Approximate  reccn'ery  in  two  7L>eel's  by  general  faradization. 

Cask  157. — .Mivs  C.  S.,  aged  23,  was  pbce<l  under  our  care  by  Dr. 
(ii:(».  .Sicincrt,  of  Harlem. 

The  patient  h.id  all  her  life  l>een  s<miewhat  feeble  in  health,  but  at  this  time, 
and  lor  a  month  previously,  she  had  suflfered  from  a  very  deci«led  impairment  in 
her  general  condition. 
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Ever)' afternoon  at  40*  clock  she  experienced  a  very  decided  sense  of  chilli- 
ness, followed  by  a  fe^-er  which  lasted  until  5  o'clock  the  folloiving  morning. 
The  hands  were  at  all  hours  exceedingly  tremulous,  and  at  nigfat  especially  her 
fingers  became  quite  anaesthetic  Her  strength  was  so  far  exhausted  that  she 
could  walk  but  a  few  blocks  without  great  fatigue.  Notwithstanding  these  un- 
favorable >iyrapi«>m>  her  Iwwels  continued  regular  and  her  appetite  good. 

She  suffered  much,  however,  from  insomnia,  and  was  rarely  able  to  sleep 
before  2  .\.M. 

A  dingle  general  application  of  the  faradic  current  resulted  in  marked  relief 
of  the  condition  of  trembling  and  numbness.     Her  sleep  rapidly  improved  ;  the 
perio  lical  chill  and  fever  liecame  less  and  less  marked,  and  soon  disappeared  ; 
her  strength  decidetlly   increased,  and  7  applications  given  during  two   vi'eeks 
resultevl  in  an  approximate  recovery. 

NEUROSES  FOLLOWING  FEVERS. 

Benedikt  has  treated  neuroses,  mostly  paralysis,  accompanying 
or  following  scarlatina^  peritonitis,  the  puerperal  conditiony  erysipe- 
las^ diphtheria^  and  typhus  and  intermittent  fever, 

CONVALESCENCE. 

In  slow  convalescence  from  exhausting  diseases  of  any  kind 
general  faradization  is  of  excellent  service,  as  we  have  demon- 
strated in  a  number  of  cases.  In  such  conditions  electrical  treat- 
ment is  to  be  recommended  for  its  general  tonic  action.  Dr. 
Hurrall,  of  this  city,  informs  us  that  he  met  with  agreeable  results 
from  faradization  in  convalescence. 


CHAPTER  XXXVII. 

ARTIFICIAL  RESPIRATION  BY  ELECTRIZATION 

FN  CASKS  OF  APPARENT  DEATH  FROM  DROWNING  OR  SUFFOCATION 
THROUGH  POISONOUS  GASES,  OR  IN  ASPHYXIA  OF  NEW-BORN  IN- 
FANTS. 

The  process  of  exciting  artificial  respiration  by  faradization*  is 
as  follows : — 

1.  Let  an  assistant  put  the  head,  shoulders,  and  arms  of  the  pa- 
tient in  a  fixed  position,  while  another  stands  ready  to  assist  the 
expiratory  movetnents  by  pressure, 

2.  Graduate  the  current  to  a  strength  sufficient  to  produce  7ig- 
orous  contractions  of  the  muscles  of  the  ball  of  the  thumb,  and  then 
press  the  sponge  electrodes  {jcfhich  should  be  of  large  size  and  well 
moistened)  firmly  over  the  phrenic  nerves  at  the  outer  borders  of  the 
sterno-cleido-mastoid  muscles  and  at  the  lower  end  of  the  scaleni 
muscles.     (See  p.  255.) 

3.  Interrupt  the  current  {either  by  removing  one  of  the  elec- 
trodes, or  by  an  interrupter),  about  three  times  a  minute,  while  the 
assistant  presses  firmly  on  the  abdomen,  pausing  occasionally  to 
observe  the  effect. 

4.  If  after  a  number  of  interruptions  no  inspiratory  movements 
appear,  increase  the  strength  of  the  current. 

In  some  cases  it  is  sufficient  to  put  one  electrode  over  the 
])hrenic  nerve  and  the  other  in  the  seventh  intercostal  space. 

Large  electrodes  are  used  so  as  to  affect  the  other  muscles 
which  have  a  share  in  inspiration  (scalenus  anticus  and  sterno- 
cleido-mastoid)  simultaneously  with  the  phrenic  nerve.  The 
object  of  holding  the  arms  and  shoulders  in  a  fixed  position  is  to 

*  Tlie  faradic  current  is  usually  emj)Ioyecl  for  this  purpose,  althouy;h  the 
interruptcci  j;alvanic  current  might  answer  the  purjTosc. 
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■ralion  of  ihn  serralus  a 
I'rof,   ZieriK 


■  which  may  arise  from  the  conttacrions  of 
i,  and  at  the  same  time  to  obtain  the  co-op- 

Liid  pectoral  muscles. 
1  first  proposed  th!s  method  of  producing 
ariilk-ial  respiration,  atlvisi^s  the  trial  of  the  galvanic  ciirrenl  in 
thoM-  casus  wlieri!  tiie  irritability  is  lost  to  the  faradic.  The  same 
wriier  ]irt'SL*]iti  n.  ninnhL-r  of  successful  results  in  cases  of  poison- 
ing; by  carliouii-  :iL-i[l  yas  with  this  method  of  treatment  from  his 
uwuandiiihLT  L-\|,L-nVnce.* 

Ill  opium  piii.wiiin^^  artificial  respiration  by  faradization  may  be 
triLilL'iiht-r  alone  or  in  connection  with  other  methods.  Dr.  Iram 
Ikis  reported  .1  la^f  of  upiimi  poisoning,  which  recovered  on  the 
^ipphcdtiou  of  one  |io)e  to  tlie  neck  and  die  other  to  the  peri- 
nii.'iMii,  iiftcr  lanniii,  tijflee,  and  tartar  emetic  had  been  iinsuccess- 
fullv  euiptnyed  for  SL-vcral  hours. 

'I'hos^i.-  who  aiteiiipt  to  produce  artificial  respiration  in  emergen- 
<.iL-s  jrc  lVui|ueii[ly  imfiiDiiliar  ivith  the  motor  point  (see  p.  255)  of 
i1k-  ]i]iiinii.  ami  iliiTi-fore  apply  the  pole  in  the  neck  indi'scrim- 
iii.iU'K.  \  iiii/ilii  il  .(tipiaintance  informs  us  that  an  attempt  of 
iliii  kiiiil  uliiih  hi;  iii.ide  in  a  case  of  opium  poisoning  proved 
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Meyer  records  a  successful  result  in  a  case  of  threatened  death 
from  exhaustion  after  diphtheria.* 

rViedbergf  succeeded  in  restoring  a  child  of  four  years,  asphyxi- 
ate by  chloroform,  by  this  method,  combined  with  compression  of 
the  diaphragm. J 

Many  failures  have  been  made  in  the  attempt  to  produce  artifi- 
cial res[)iration  by  faradization,  because  the  operators  were  igno- 
rant of  the  true  method  of  application. 

Resuscitation  of  New-born  Children. — Successful  experiments  in 
the  resuscitation  of  new-born  children  have  been  made  by  Schulz 
and  Pernice.  The  latter  succeeded  in  three  out  of  five  cases. 
In  one  of  his  cases  the  child  was  born  to  all  appearance  dead. 
Restoration  was  accomplished  in  half  or  three-quarters  of  an  hour 
by  the  alternate  use  of  the  warm  bath  and  faradization  of  the 
phrenic  nerve. 

I^egros  and  Onimus||  have  experimented  on  animals — rats, 
dogs — with  a  view  to  bringing  on  resuscitation  during  syncope 
from  loss  of  blood.  They  used  the  galvanic  current,  placing  the 
negative  pole  in  the  mouth  and  the  positive  in  the  bowels. 

*  Op.  cit.,  p.  431. 

\  Quoted  by  Meyer,  op.  cit.,  pp.  431,  432. 

\  Irritation  of  the  phrenic  nerve  might  be  readily  combined  with  Howard's 
method  of  artificial  respiraticm. 
I  (inz.  des  Hop.,  No.  53. 


CHAPTER   XXXVIII. 

SOME  DISEASES  WHICH  ARE  OPEN  TO  ELECTRO-THERA- 

PEUriCAL  EXPERIMENT, 

Diseases  of  the  Lungs. — For  diseases  of  the  lungs  electriza- 
tion has  acconij)lished  less  than  in  any  other  department.  The 
recognized  gravity  of  phthisis,  together  with  the  d,  priori  improba- 
bility that  it  could  be  directly  cured  by  any  known  methods  of 
using  electricity — these  two  causes  have  deterred  electro-therapeu- 
tists from  making  even  experimental  applications  to  diseased 
lungs.  One  author — Bastings*,  of  Brussels — however,  has  report- 
ed most  astounding  results  from  faradization  of  the  muscles  of  the 
chest.  If  we  accept  in  good  faith  the  statements  of  this  author, 
even  the  second  stages  of  phthisis  may  be  cured  by  this  method, 
which  seems  to  aftect  the  lungs  not  directly,  but  indirectly,  through 
the  muscular  development  which  it  causes,  and  the  greater 
amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  author  advances  concerning 
the  cure  of  consumption  are  entitled  to  more  consideration  than 
they  would  otherwise  receive,  from  the  fact  that  the  fundamental 
idea  on  which  his  treatment  is  based,  namely,  that  faradization  of 
the  muscles — electro-muscular  gymnastics — markedly  increases 
their  si/e  and  strength,  and  also  imi)roves  the  general  nutrition, 
is  eminently  sound  and  thoroughly  demonstrable,  as  we  have 
shown  during  all  our  investigations  in  electro-therai)eutics.  (See 
our  chapter  on  the  F.flfects  of  Cieneral  Electrization,  p.  230,  also 
cases  on  i)p.  299,  388,  399,  422,  432. 

Bastings,  however,  used  localized  faradization  of  the  muscles  of 
the  breast  and  arms.  If  the  ai)i)lications  had  been  general,  the 
tonic  effects  on  the  system  would  have  been  still  more  marked, 

*  Die  Lungensclnvimlsiicht  unci  ihrc  Ileiliing  (lurch  Elcctritcitiit.    Translated 
from  the  French  hy  Dr.  Silbermann.     Eriangen,  1866. 
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since  the  brain,  sjiinal  cord,  and  sympathetic  would  also  have 
been  affected. 

Vaust  •  has  experimented  with  the  method  of  Bastings — electro- 
muscular  gj'mnastics — in  growing  children,  who  were  not  affected 
with  any  special  diathesis,  hut  who  "presented  the  appearance  of 
debility,  languor,  ami  of  lack  offeree  so  frequently  found  among 
the  poorer  classes." 

The  results  were  "wonderful."  Not  only  were  the  muscles  of 
the  chest  greatly  increased  in  size  after  a  number  of  applications, 
but  their  "  breathing  was  deeper,  their  appetites  better,  and  they 
were  more  cheerful  and  lively." 

The  writer  gives  the  following  tabulated  list  of  cases,  with  the 
result  of  treatment  six  weeks  on  the  muscles  of  the  breast  and 
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After  six  months'  treatment  the 
in  some  of  the  cases.     According 

of  the  muscles  under  faradization  is  at  first  (piite  rapid,  but  sub- 
setjucntly  much  slower,  and  in  a  few  months  becomes  stationary. 
(See  p.  220.} 

ISastings  has  used  these  electro-m\iscular  gymnastics  in  con- 

•  Mciik-inisches  Joumnl,  vol,  3S,  Juni  1864,  p.  599.  Siliung  iler  Gesell- 
nchnft  fiir  Mmlicin  und  Nalurwissenchaftcn  zu  Unissel,  vom  2.  Mai  1864. 
This  |>ii|ieT  is  lucsenled  in  the  work  of  Hastings,  above  quoled,  p.  119  ct  a»\ 
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sum] >t ion,  not  with  a  Tinu  to  directly  affect  the  tuberculous  deposit 
at  all,  huty  by  strcnj^thcninj,^  the  muscles  of  the  chest,  to  so  impror^e 
the  respiratory  power  that  more  air  can  be  inspired^  and  so  benefit 
result  to  the  healthy  portion  of  the  lung,  and  indirectly ,  through 
better  oxygenation  of  the  blood,  to  a  certain  extent  on  the  diseased 
portion  and  on  the  tvhole  system, 

The  statistics  of  Ikistings  are,  to  say  the  least,  extraordinary. 
Of  .37  cases  that  he  treated,  25  recovered,  3  were  improved,  6 
(lied,  and  in  3  cases  the  residence  of  the  patient  was  not  known. 
( )f  these  cases  9  suffered  from  haemoptysis ;  of  these  3  died  and 
6  lived.  Of  6  who  had  cavities  in  their  lungs,  3  died  and  3  lived. 
Of  14  cases  there  was  softening  with  sputa;  in  17  the  presence 
of  tubercles  without  sputa  was  demonstrated  by  percussion  and 
auscultation,  and  in  6  cases  the  presence  of  tubercles  was  sus- 
])ecte(l,  but  not  proved.* 

The  method  and  principles  of  treatment  in  all  these  cases  was 
substantially  similar — electro-muscular  gymnastics:  about  half  a 
minnle  was  given  to  each  muscle,  and  about  five  minutes  to  each 
silting.      / Vo/ofigt  li  trt u ifmrnt  7i'as  found  to  be  injurious. 

Tlu"  gencnil  statements  of  the  author  were  confirmed  bv  Dr. 
Hougard.t  who  attirnis  that  the  i)atients  remain  cured  for 
one,  two,  or  three  years. 

Dr.  ('roc<|  also  speaks  favorably  of  the  method  of  Bastings, 
althoiigli  in  the  treatment  under  his  own  direction  of  the  very  se- 
vere cases  of  consumption  in  the  St.  John  Hospital  he  obtained 
no  positive  results. 

Dr.  Louis  Klsberg,  of  this  city,  informs  us  that  he  has  success- 
full  \  used  the  method  of  Hastings  in  combination  with  that  of  Dr. 
H.  (1.  Davis. J 

Although  the  beneficial  effects  of  muscular  exercise  in  con- 
sumption have  long  been  conceded,  yet,  in  the  present  state  of  the 
professional  mind  on  the  subject,  the  startling  statistics  of  Hast- 

*  ( )|>.  cit.,  p.   107. 

•f  ()]).  cit.,  i>.  147.    I.«>r.  tit.,  p.  142  fl  scHp 

t  Coiwrvative  Surjjcry,  ]>.  1S6.  This  mctlnxl  of  Dr.  Pavis  consists  in 
rxtTcisintx  llio  nui»it*lo»«  of  I  lie  arms  and  thest  l)y  swinjjinjj  on  a  liar  suspcntlecl 
from  the  ooilini^. 
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ings  will  need  more  numerous  endorsements  before  they  are  fully 
accepted. 

Clearly,  emphatically,  and  repeatedly,  the  history  of  electro- 
therapeutics has  shown  that  science  has  lost  far  more  by  rejecting 
what  is  sound  than  by  accepting  what  is  absurd.  There  is 
scarcely  any  leading  idea  of  the  electro- therapeutists  of  the  present 
day  which  has  not  at  some  time  or  other  been  a  byword  and 
reproach  in  the  profession.  For  this  reason,  and  for  the  b,  priori 
consideration  that  consumptives  are  usually  more  or  less  benefited 
by  other  tonic  influences,  among  which  electrization  ranks  the 
highest,  the  neglected  and  almost  forgotten  little  work  of 
Bastings  should  receive  respectful  attention. 

We  would  suggest  a  method  of  treating  pulmonary  tuberculosis 
which,  so  far  as  we  know,  has  not  been  used,  but  which  is  surely 
worthy  of  a  trial.  This  method  would  consist  in  galvanization  of  the 
diseased  portion  of  the  lung  with  a  mild,  stable  current. 

This  method  could  be  conveniently  carried  out  by  placing  one 
pole  over  the  region  of  the  chest,  when  accurate  physical  exami- 
nation has  discovered  tuberculous  deposit,  and  the  other  on  the 
corresponding  portion  of  the  back. 

The  faradic  current  would  hardly  be  as  well  indicated  in  this 
method,  since  by  its  mechanical  effects  it  might  cause  hemor- 
rhage, as  it  has  been  known  to  do  in  general  faradization  of 
tuberculous  patients.* 

\Vithout  considering  the  question  of  the  nature  of  the  tubercu- 
lous diathesis,  there  is  no  theoretical  reason  why  the  electric  cur- 
rent might  not  cause  the  absorption  of  morbid  deposits  in  the  lung, 
just  as  it  causes  the  absorption  of  various  su])erficial  tumors  or 
serous  effusions,  or  that  it  might  promote  the  healing  of  ulcerous 
conditions  there,  just  as  it  unquestionably  i)romotesthe  healing  of 
ulcerous  conditions  in  other  parts  of  the  body. 

In  order  that  experiments  on  this  point  should  be  satisfactory 
it  is  necessary  that  the  cases  should  be  treated  in  their  early  stages  ; 
that,  both  before  and  after  treatment,  the  condition  of  the  lungs 

*  Wc  calle<l  attention  to  this  in  our  monograph  on  (veneral  Electrization,  p. 
59.  In  Bastings'  method  the  current  is  not  applied  through  the  lungs,  but  only 
til  rough  the  superficial  muscles  of  the  chest. 
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-.hiiLild  In;  ;ii:nir:i!t.'ly  tusttid  by  acknowledged  authorities  in  tiiat 
dL'p.irtiiiL'nt,  iind  lin.illy  that  the  patients  should  be  kept  under 
iili-.iT\  alicm  for  iiiuiitlis  and  years.  We  have  already  coiiinieiiced 
a  icrifs  of  .^isli'iiKitic  and  carefully  recorded  experiments  in  this 
iliiiTtiiiii,  ihu  rt-siilis  nf  which,  whether  fiivoralile  or  the  reverse, 
wil],  ill  [truiitr  liiiiu.  be  made  public. 


thiii.i  i^  iiiiL-  of  tlia  conditions  for  which  it  would  be  sii|)- 
1,  h  pi-ioii.  ih.it  electrization  might  be  of  SLTvice  ;  and  yet 
iublir.lH'fl  rwuids  of  successful  treatment  are  not  very  en- 
i  L'.  ( Ine  of  the  earliest  if  not  the  very  earliest  experimenters 
is  ilc]';irtiiiL'nl  \ras  Dr.  Wilson  Philip,  who  began  his  re- 
Ik's  in  i.-lu'<  iricity  in  the  early  part  of  this  century.  "By 
iiiiltiiiy  its  iiiiliience  {galvanism)  from  the  nape  of  the  neck 
L-  pit  uf  lliL-  stomach,  he  gave  decided  relief  in  ever)'  one  of 
ly-two  cnsos.  of  which  four  were  in  jirivate  practice,  and  eigh- 
111  [he  Wtiii't'slcr  infirmary.  The  power  employed  varied  from 
.1  h\t'nU  I'lvf  p;iirs.''  *  The  treatment  which  is  theoretically 
LLlud  i-  iialv.iiii/atiou  of  ihe  pnL-ninojfastric  and  sympathetic. 
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CHRONIC     BRONCHITIS. 

As  an  adjunct  to  hygienic  and  other  medical  treatment,  general 
and  localized  faradization  have  sometimes  appeared  to  be  of 
considerable  service.  A  very  good  way  to  affect  the  bronchial 
tubes  is  to  place  one  of  the  electrodes  just  over  the  manubrium- 
sterni,  while  the  other  is  applied  to  the  coccyx  or  at  the  feet. 

The  subject  of  the  electro-therapeutics  of  bronchitis  has  been 
but  little  investigated. 

Dr.  Oarratt  claims  that  in  bronchitis  positive  results  are  obtained 
by  the  continuous  wearing  of  his  electric  disks.  They  should  be 
applied  and  worn  in  the  same  manner  as  for  asthma. 

We  are  now  experimenting  with  asthma  and  chronic  bronchitis, 
using  chiefly  the  galvanic  current. 

DIABETES. 

The  supposed  relation  of  this  symptom  to  disease  of  the  brain 
suggests  the  propriety  of  treating  it  by  galvanization  of  the  sym- 
pathetic and  of  the  brain  and  spinal  cord. 

Dr.  Wm.  Dickinson,*  who  has  made  post-mortem  exami- 
nations of  the  brain  and  spinal  cord  of  five  diabetic  patients,  found 
the  following  peculiar  morbid  changes,  which  w^ere  nearly  similar 
in  all : — 

1.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom. 

2.  Degeneration  of  the  nervous  matter. 

3.  Cavities  produced  large  enough  to  be  seen  without  the  mi- 
croscope, and  which  contained  products  of  nervous  decay. 

4.  These  contents  become  absorbed. 

These  changes  were  found  near  the  arteries  and  throughout  the 
spinal  cord  and  encephalon,  but  especially  in  the  medulla  oblon- 
gata and  i)ons  varolii,  f 

These  investigations  were  confirmed  by  a  most  distinguished 
authority  in  nervous  pathology,  Dr.  Lockhart  Clarke. 

*  Medical  Times  and  Gazetti\  March  19,  1870. 

f  The  relation  which  has  l)een  established  by  Calvi  between  diabetes  and 
I)ruritus  of  the  vulva,  which  is  a  nervous  aflTcction,  would  seem  also  to  si)eak  for 
the  nervous  character  of  the  former  disease.  (Sc»e  Damon's  Neuroses  of  the 
Skin.     1868,  p.  2$.) 
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l!csi<ifs  thtso  pathological  observations,  there  arc  two  gcnenj 
considerations  which  might  be  adduced  in  favor  of  thtf  theory  t 
diabetes  is  essentially  a  nervous  (iisease. 

In  the  first  place,  it  appears,  in  some  instances  at  l«adt>  to  tl 
brought  on  by  excessive  mental  excitement  or  worry.  TluLt  it  n 
be  produced  by  concussion  of  the  brain  is,  we  believe,  conccdei 
That  there  is  a  relation  between  diabetes  and  the  baec  of  t 
brain  has  for  some  time  bc«n  more  than  siispecicd- 

Secondly,  the  results  of  some  of  Ihe  therapeutical  mean 
would  seem  at  least  to  indicate  thai  this  disease  may  be  (avon 
influenced  through  remedies  that  affect  the  nervous  sysieui, 
Austin  Flint*  has  recently  published  reports  of  two  or  thr«e  ca 
diabetes  that  were  decidedly  benefited  by  bromide  of  i>otassiuii). 

Experience  is  the  best  and  only  test  of  the  strength  of  thci 
facts  and  considerations.     The  experiment  of  central  galvajiixatiai 
— including  die  brain,  sjiinal  cord,  and  sympathetic — is  surely  ti 
thy  of  a  faithful  trial,  especially  in  the  early  stages  of  lliis  alTectiool  I 
This  treatment  would  be  none  Ihe  less  indicated  if,  as  some  suj*. 
pose,  Ihe  pathological  changes  found  in  tlie  brain  and  spinal  cord 
of  diabetic  i)atieuts  are  merely  the  result  of  the  disease, 

F-xiieri  men  tall  V  faradi^talion  of  (he  livsr  mit-lit  al™  be  triert.  J 
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1.  A  very  considerable  proportion  of  diseases  of  the  skin  are  of 
a  more  or  less  constitutional  character.  It  might  be  that  some  of 
these  could  be  benefited  by  general  faradization  and  central  galva- 
nization. 

2.  Diseases  of  the  skin,  such  as  dermalgia,  prurigo,  urticaria, 
zoster,  and  anaesthesia — which  are  believed  to  be  of  a  nervous  char- 
acter, or  at  least  to  be  intimately  related  to  the  nervous  system* — 
might  also  be  treated  by  general  faradization  and  central  galvan- 
ization. 

3.  Those  diseases  that  are  believed  to  depend  on  irritation,  or 
morbid  condition  of  the  vasa-motor  nerves,  might  be  treated  by 
galvanization  of  the  sympathetic. 

4.  Cutaneous  lesions  of  a  purely  local  character,  and  certain  lo- 
cal manifestations  of  constitutional  disorders,  might  be  treated  local- 
ly by  faradization  and  galvanization. 

We  have  already,  in  connection  with  Dr.  Piflfard,  experimented 
on  the  principles  here  indicated,  and  with  results  that  are  most 
encouraging.  In  psoriasis  of  very  long  standing  we  have  seen  a 
decided  improvement  in  the  appearance  of  the  spots  after  a  few 
treatments  with  both  poles  of  the  galvanic  current,  and  galvani- 
zation of  the  sympathetic.  Prurigo  also  seems  to  yield  to  local 
galvanization.  Dr.  W.  K.  Brown,  of  Brooklyn,  informs  us  that 
he  succeeded  in  curing  a  case  of  pnirigo  by  faradization.  I.upus 
eczema,  and  all  diseases  of  the  skin,  accompanied  by  ulceration, 
may  be  treated  like  ulcers  in  general.     (See  Ulcers.) 

DISEASES    OF   THE    KIDNEYS. 

Very  little  scientific  attention  has  been  given  to  the  electro-the- 
rapeutics of  diseases  of  the  kidneys,  although  the  organs  are  suf- 
ficiently accessible  to  electrization.  Most  of  the  recognized 
chronic  diseases  of  the  kidneys  are  of  so  grave  a  character  that 
they  have  offered  but  little  encouragement  for  electrical  experi- 
mentation. 

It  is  impossible  to  pass  an  electric  current  through  the  body  in 
the  region  of  the  kidneys  without  directly  affecting  these  organs, 

♦  Vide  Neuroses  of  the  Skin,  by  Howard  Damon»  1868. 
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1^  a  -liear  Tnm  what  is  known  of  the  CGHufnctdHliCT  of  rf*-*  dssscs^ 
inti  liso  rmm  ciimcai  obiierratiaii.  Lzl  maainr  inscsnces  potsents 
;ij.ve  •laileti  >}fir  actencaa  xa  che  act  diac  jftrr  giawral  fiuadixatioa 
ne  -rtitrr^ncn  a   irne  was  much  increosevL 

DROP^V.    AaCITES,   'EDESUL 

r>rr:i.>ri(:a.  <imis:ons  ire  iuscepdble  of  treaoiKnt  bv-  the  ^Iccttic 
ciLTT^nc^.  even  ^vhen  chev  depend  on  incurable  c&seases  of  die 
iieor*.  '.'w^T.  :t  iiidnevs.  Golvsmzanoa  and  tLESK&eatkxi  marbodi 
be  n^eii  w:ci  atn^nic  trarrentaw 

Elei:n:t:iysis  :5  indicoied  in  such  dses.  and  it  ccrtunhr  demands 
a  cnal.     [n  jscema  of  die  lower  limbs  we  hare  fooad  both  gahran-  . 
izancn  and  iiradizarioa  cemporarilT  efficaooos. 

En  case  of  ascites  die  patient  passed,  in  die  oo«me  of  the 
tbii<:w:n;£  «iay.  a  very  Targe  amount  of  water,  and  tfae  dropsical 
eniar^emenc  lii^appeared. 

EX«>PHTH\rMIC   GOmiE.   OR   GRAVES^    DISEASE. 

The  characteristic  features  of  this  disease  are  cnlaigemeDt  of 
the  thyroid  gland,  exophthahnus.  and  palpitation.     It  is  doe  to 
disease  of  the  sympacheric.     It  has  been  treated  by  galvanization 
ot'  the  >ynr  MCieric.     W:e:feld*  reports  succe:i5es  liithlhis  method 

v^c*  :rea:r:ier.:. 

During  seasons  o(  protracted  and  excessive  heat,  such  as  has 
been  notably  experienced  during  the  present  summer  (1870),  a 
ver\-  large  number  of  f>ersons,  espiecially  in  our  cities,  are  more 
or  less  injurevi,  either  by  the  general  depressing  influence  of  the 
continued  high  temperature  or  by  some  special  exposure,  with- 
out being,  in  the  ordinan*  sense  of  the  word,  sunstruck.  Those 
whose  nervous  svstem  has  been  exhausted  or  disordered  bv  the 
excessive  use  of  stimulants  and  narcotics,  by  debilitating  diseases, 
and  especially  by  over-labor  or  excitement  of  the  brain,  are  most 
liable  to  be  thus  affected. 

'  Medical  Ttnics  and  Gazette^  Nov.,  1S68. 


Case  p/  Suns/roke. 

Injuries  thus  produced  may  be  manifested  by  every  variety  of 
nervous  disorder — spinal  irritation,  insomnia,  neurasthenia,  neu- 
ralgia, epilepsy,  nervous  dyspepsia,  hysteria,  paralysis,  and  not 
unlikely  positive  insanify. 

The  majority  of  such  cases  never  know  the  exciting  ( 
their  symptoms  until,  perhaps,  il  is  indicated  to  them  by  the  phy- 
sician who  inquires  into  them.  In  a  number  of  our  cases  under 
the  diseases  above  named  the  solar  heat  was  a  prominent  if  not  a 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  months  and  years 
after  the  original  attack.  There  is  little  doubt  that  there  are 
through  society  thousands  of  such  cases  of  various  grades,  many 
of  whom  have  never  susjiected  the  nature  of  their  malady.  The 
solar  origin  of  the  symptoms  which  we  have  mentioned  may  be 
suspected  not  only  when,  as  is  very  frequently  the  case,  they  can 
be  traced  to  some  definite  exposure,  but  also  when  they  are  ob- 
served to  be  pecuUar  to  the  summer,  remitting  wholly  or  partially 
in  winter,  or  to  be  especially  aggravated  by  exposure  to  Ihe  sun, 
and  to  be  experienced  only  during  the  daytime. 

Besides  the  ordinary  treatment  of  ice  to  the  back  of  the  head 
and  neck,  and  internal  tonics,  such  cases  might  well  be  treated  by 
galvanization  of  the  head,  spine,  and  sympathetic,  or  by  general 
faradization. 

Dr.  A.  W.  Catlin,  of  Brooklyn,  has  kindly  conmiunicaled  to  us 
the  details  of  a  most  unique  and  interesting  case  of  paralysis  of  the 
arm  following  sunstroke,  in  a  lad  but  three  years  old,  that  he  has 
recently  successfully  treated  by  faradization  : — 

On  the  2olh  of  July,  1870,  during  the  prevalence  of  Ihe  "heated  lerm,"  a 
young  boy,  ;  yearsof  age,  was  brought  into  the  huuuquile  prostrated  by  a  sun- 
Mroke.  The  symptoms  were,  heat  of  skin,  rapid  pulKt,  delirium.  Little  WM 
done  for  the  patient  until  the  third  day,  when  "  it  was  observed  that  the  right 
arm  hung  powerless  by  the  side."  Ur.  Catlin  wav  then  called  in.  He  faund, 
in  addition,  that  the  pupil  on  thi  faralyud  sidt  ivat  much  dilaled.  The  child 
was  exceedingly  irritable,  and  at  times  acted  strangely.  The  right  leg  was 
unaflfected. 

Bromid.  potass,  and  mustard  pediluvin  were  prescribed,  and  the  brad  was 
shaved.  The  head  tyinptoms  decidedly  improved,  and,  after  a  week,  the  use 
of  the  bromid.  potass,  was  suspended. 


6o4  Astraphobia. 

At  this  stage  the  child  was  unable  to  raise  the  arm  or  Jiex  the  foretwm  and 
had  n/t  grasping  power  of  the  hand. 

The  first  application  was  made  on  the  ist  of  August.  August  6th  the  fol- 
lowing record  was  made : — "Muscular  power  increasing ;  able  to  flex  forearm 
upi-tn  the  arm," 

S\-mpioms  of  worms  now  appeared,  and  the  oL  chenopodii  brought  away 
ttR'clve  or  more  ascarides. 

The  applications  were  continued  every  other  day,  with  one  interval  of  a  week. 
Aujj.  ^^  the  following  record  was  made: — "Motion  almost  entirely  restored; 
can  rai>ic  the  arm  abo\*e  the  head  and  flex  the  forearm ;  lacks  confidence  in 
moxinj;  it,  and  makes  the  motion  slowly." 

Taking  all  the  facts  of  the  above  history  into  consideration 

the  age  of  the  ]>atient,  the  paralysis,  the  dilatation  of  the  pupil  on 
the  same  side  as  the  ]>aralysis  (probably  resulting  from  some  in- 
\oh-on'»ont  of  the  s^-mi^athetic),  and  the  rapid  and  permanent  re- 
oo\on  of  the  |\\rah-sis  under  faradization — the  case  becomes  one 
*M*  wn  ovooptional  interest 

ASTRAPHOBIA    (FEAR   OF   LIGHTNING). 

SNr^YO    indi%idnal!s  esj>ecially   those  of  peculiarly  impressible 
orjCfAniyAtions.  Arc   not   only  unpleasantly  but  seriously  affected 

dnrinw  ?^^.l1.1or  sti^nns  that  are  attended  by  vivid  flashes  of  light- 
niiK  r<"J^  ^  v;ittoi  not  onl)  distressing  fear,  but  positive  pain  in 
;\  V.-^r.  o:  v;o  •i);:^,  h.  that  IcMNosthem  in  a  condition  of  exhaustion 
j^-i.  ;iv;>  lr,v;  v^wiai  hours,  or  even  two  or  three  days. 

V  ^^i.\iN  a'  tnon*^.  infoniie<1  us  of  a  patient  under  his  care,  who 
Jn;  n>i  ;'-;r.n,ior  sron>"»  >»-as  attacked  by  severe  nausea,  and  by 
o,>..>  i:)v;\v  x<\^y  kv  ros<^n>hlin»f  epilepsy.  Under  treatment  direct- 
^N-   ro  ,':n^   ,jv.]vo\on>ont   of  hor  general  system   she  greatly  im- 

VNvN^  v>  mj^ron^v  tKM^gh  nu^st  tVeqnent  >\'ith  ner\'Ous  people, 
-^iv!  'I  s|NN  i.-^Ia  wuh  >»omon,  mav  als<i  apj>ear  in  those  who  are 
,vN  •>>  vN^  V,'  Nvyi^  KnjJ^  u"j  health  and  will. 

\>>  on,v  v^xx  a  txpval  case  <i  this  disease  in  a  young  man  of 
■^KN.i    N^  \xN-,;x.  xxho  had  the  apjvarance  of  rather  more   than 
^^N -\vN  Nvo'^'  oi  ^onvtitutMu.      !le  oompKuneii  of  no  other  synip- 
CNVx-v  *s;<  ,%i;\j"^  t Sunder sMxxnns  he  was  unhappy  and  greatly  dis- 
nvx%,NV  A;v  ^nt^^^rs^  lnN»»  e\ha\i>tu>n  on  the  following  day. 
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A  mild  galvanic  current,  applied  to  the  head  in  such  a  manner 
as  to  cause  flashes  before  the  eyes,  was  exceedingly  disagreeable 
to  him,  producing  to  a  certain  extent  the  same  sensations  as 
lightning  itself. 

This  extreme  and  peculiar  sensitiveness  to  lightning,  to  which 
we  have  given  the  name  astraphobia  (atfrpaini,  lightning,  and 
(po/3oj,  fear),  is  surely  not  physiological.  It  radically  differs  from 
mere  timidity,  and  can  hardly  be  explained  in  any  other  way  than 
by  supposing  a  peculiar  morbid  irritability  of  the  central  ner- 
vous system. 

Central  galvanization  might  be  tried  in  this  disease. 


OZONE    AND    OZONIZED   OXYGEN. 

When  sparks  of  electricity  pass  between  two  metallic  plates,  a 
peculiar  odorous  principle  is  developed,  which  has  been  termed 
ozone  (from  o^w,  to  smell).  This  odor  is  observed  during  experi- 
ments with  apparatus  for  statical  electricity,  while  the  electricity 
is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  is 
sent  through  a  number  of  sheets  of  paper,  and  also  after  an  object 
has  been  struck  by  lightning.  As  long  ago  as  1785,  Von  Marum 
observed  that  electrified  oxygen  gave  forth  an  odor  much  like  that 
which  is  observed  after  a  lightning  stroke.  This  odor  was  usually 
described  as  "sulphurous."  M.  Schonbein,  who,  in  1840,  first 
called  formal  attention  to  ozone,  first  discovered  that  it  appears 
at  the  positive  pole  in  the  electrolyzation  of  water.  * 

The  observer  also  found  that  this  peculiar  odoriferous  prin- 
ciple can  be  preserved  in  glass  vessels  for  a  very  long  time. 
The  odor  may  be  prevented  from  appearing  by  raising  the 
temperature  of  the  liquid  to  a  boiling  point,  and  it  may  be  at  once 
neutralized  by  the  addition  of  quite  small  quantities  of  pulverized 
charcoal,  tin,  zinc,  iron,  lead,  antimony,  bismuth,  or  arsenic,  by  a 
little  mercury,  or  by  introducing  into  the  substance  red-hot  plati- 
num or  gold.  It  is  produced  by  the  slow  oxidation  of  phospho- 
rus. It  is  disengaged  from  solutions  of  a  number  of  the  salts, 
and  from  diluted  nitric,  phos|)horic,  and  sulphuric  acids. 


^^/'  OMm  and  Oz&niztd  Oxyf[en. 

Mr,  CfAttn  f/tnt.\uf\fj]f  from  hin  experiments,  that 
lir  #'volvr/|  from  all  nietaU,  prfMdtd  they  are  ao  treated  as  not  to 
lir//wfi#:  ox'u\'t/ju\  or  Uf  combine  with  other  metals.* 

/>*/#-  'I  hr  t«»t  for  o//me  \fr(}\ffjsed  by  Schdnbein  was  a  paper 
tWrt%U'ur(\  with  a  ft^'^liition  of  iodide  of  potassium  and  starch.  The 
OA4tur  %4'.t%  frr.f.  t\u'.  i/Kline  and  gives  the  starch  a  deep-bfaie  color. 

(ifnrrttl  Proper HeM.-  ()Mme  is  ai;tive,  intensified  oxygen.  Like 
o«yg#-fi,  if  hit%  a  |K;wcrfiil  oxidizing  action.  It  is  aboat  half  as 
lM!Avy  ;iti  oxy^irn,  and,  at  a  temf^erature of  290^  (Cent)  is  changed 
hfu  k  info  ordinary  oxygen.  It  is  only  soluble  in  oil  of  tnrpeii- 
finr. 

O/iinir  rxinfH  in  th<!  atinr>sphcre  in  greater  or  less  quantity,  which 
in  Ifirlirvrd  fo  vary  with  the  atmr^spheric  conditions,  and  to  e!ieit 
a  (Miu'iiv.  ;uid  |Kiwerfnl  influence  on  the  health,  although  precise 
anri  ntiUnfiu.Utry  dcniontttration  of  the  nature  and  extent  of  the 
laWN  of  thiM  influence  is  yet  wanting. 

According  to  the  cxpcririicnts  of  Prof.  Schonbein,  Messrs.  Mar- 
figiwr,  M;irif(n;ic,  ]U:  la  Rive,  Ik-cqiicrcl,  Fr6my,  and  others,  it 
would  ;ip|M-;ii  that  iy/.otu:  is  only  a  |>cculiar  form  of  oxygen  produced 
by  rhM  tiiniy  in  haii^r  analogous  to  that  which  the  solar  rays  bring 
forth  ill  <  hloiihc  aiul  that  its  jjrcscncc  in  certain  (luantities  is  es- 
Hrtitial  to  hrahh.  Acrcjfdinj^  to  Dr.  liocckel,  Prof.  Schonbein,  and 
l)r.  HiHiard,  thr  prrscmrc  of  cholera  or  malaria  is  attended  by  the 
abHenrr  of  o/one.f  It  is  ]»rol)al)le  that  ozone  has  more  or  less 
hharr  in  thr  v.iriations  of  the  j)hysical  condition  that  have  been 
.'iHCiibi'd  to  rhanj^fs  in  the  comhtions  of  atmospheric  electricity 
(see  |>.  1;  5,  ft  se<|.).  O/one  is  found  to  be  especially  abundant  in 
the  atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be 
produced  by  decay  and  the  growth  of  plants.  It  destroys  the  ini- 
])urities  of  the  air  miasms  by  producing  oxidation.  It  has  been 
estimated  that  **  a  volume  of  air  containing  ^^^^^^  of  ozone  will 
])urify  540  volumes  of  putrid  air." 


•  l^vtiircs  on  Kloctricity  by  Henry  M.  Noad,  I^ndon,  1844,  p.  232. 
f  On  the  Intluenre  of  Variations  of  Klectric  Tension  as  the  remote  Cause  of 
Kpidcnur  and  other  Diseases.     Hy  Wm,  C'raijj,  1864,  p.  424. 
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In  the  arts  ozone  has  been  utilized  for  bleaching  and  disinfec- 
tion.* 

Therapeutic  Properties. — Recently  inhalations  of  ozonized 
oxygen  have  been  utilized  for  therapeutics.  The  hygienic  and 
sustaining  influence  of  oxygen  would  seem  to  be  decidedly  in- 
creased and  more  or  less  changed  in  character  when  it  becomes 
ozonized  by  the  electric  current.  A  convenient  apparatus  for  the 
inhalation  of  ozonized  oxygen  is  that  of  Siemen's,  which  consists 
of  a  glass  tube  lined  with  tin  foil  leaves  that  are  connected 
with  the  current  from  a  powerful  helix,  and  slightly  separated  from 
each  other,  so  that  in  passing  from  one  to  the  other  the  current  is 
interrupted  with  sparks.  Through  this  tube  the  oxygen  passes 
from  an  iron  receiver,  and  ozone  is  developed  by  the  action  of 
the  current  at  its  interruptions.  By  this  apparatus  1 5  per  cent, 
of  the  oxygen  may  be  converted  into  ozone.  A  glass  apartment 
may  be  constructed  on  the  same  principle,  in  which  the  patient 
may  sit  for  a  long  time  and  slowly  breathe  in  a  natural  manner 
the  diffused  ozonized  oxygen. 

Dr.  C.  Lender,!  of  Berlin,  has  successfully  experimented  with 
the  inhalation  of  ozonized  oxygen  in  the  treatment  of  wounds, 
and  has  found  that  in  malaria  and  various  conditions  associated 
with  impure  blood  and  depraved  nutrition,  its  corrective  and 
tonic  effects  are  very  decided. 

Antozone. — This,  like  ozone,  is  an  active  condition  of  oxygen, 
and  is  produced  in  the  same  way  and  at  the  same  time.  The  fact 
that  such  a  condition  as  Antozone  might  exist  was  suspected  by 
Schonbein  in  1858,  and  its  properties  have  since  been  studied 
by  Meissner  in  1863  and  1869. 

MAGNETIC    MINERAL   WATERS. 

Attention  has  recently  been  called  to  the  magnetic  qualities  of 

♦  Chemistry,  Theoretical  and  Inorganic,  by  Prof.  Geo.  F.  Barker,  1820,  p. 

125. 

f  Das  unreine  Blut  und  seine  Reinigung  durch  negaliv-electrischen  Sauer- 
stofT  (Ozon).  Also,  SauerstofT  und  OzonsauerstofT,  nebst  ihrer  Anwendung  bei 
Verwundeten  nach  einem  im  Berliner  Inhalatorium  gehaltenen  Votrage. 
Compare  also  Dr.  A.  H.  Smith's  excellent  paper  on  Oxygen  Gas  as  a 
Remedy  in  Disease.     New  York,  1 870. 
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the  water  of  some  artesian  wells  at  Kaion  Rapids,  Michigi 
It  was  first  observed  that  the  metallic  tools  used  in  boring 
became  magnetic  and  attracted  iron.  The  water  was  found 
to  possess  the  same  magnetic  power.  A  knife-blade  sus- 
pended in  the  stream  in  a  short  time  becomes  a  powerfiil 
magnet.  A  bar  of  steel  in  the  form  of  a  horseshoe,  suspended 
in  a  vessel  containing  some  of  the  water,  becomes  magnetic. 
A  pocket  compass  dips  its  positive  end  when  placed  within  ten 
feet  of  the  well.  The  water  has  no  peculiar  taste  or  odor,  but  is 
very  hard.  Chemical  analysis  has  found  that  there  are  from  8  to 
1  lo  grains  of  solid  residue  after  evaporating  a  gallon  of  the  water. 
This  residue  is  variously  composed  of  the  carbonates  of  lime, 
magnesia,  iron,  soda,  potassa,  sulphate  of  lime,  chloride  of  sodium, 
and  carbonic  acid. 

MedUal propertks.—'W\e  water  is  used  both  externally  and  B 
temally,  and,  it  is  claimed,  with  positively  beneficial  r 
variety  of  morbid  conditions. 
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ELECTRO'S  URGER  Y. 

Electro-surgery  is  that  branch  of  electro-therapeutics  which  in- 
cludes the  electrical  treatment  of  the  diseases  commonly  known  as 
surgical. 

Besides  the  ordinary  applications  of  electricity,  all  of  which 
may  be  used  for  surgical  diseases,  it  includes  galvano-cautery  and 
electrolysis^  both  of  which  may  be  regarded  as  peculiar  to  this  de- 
partment. 

The  principal  surgical  diseases  and  indications  for  which  elec- 
tricity in  its  various  forms,  and  by  its  diverse  methods  of  applica- 
tion, have  been  found  of  service,  are  : — 

Aneurisms^  Enlargement  of  the  Prostate^ 

Varicose  Feins,  Sprains, 

Strictures,  Spondylitis  (Potfs  Disease), 

Hydatids  of  the  Liver,  Pseudoarthrosis, 

Goitre,  Hernia, 

Removal  of  Tumors,  Morbus  Coxarius, 

Cauterization  of  Diseased  Toothache, 

Surfaces,  Hemorrhoids, 

Killing  Nerves,  Club  Foot, 

Discussion  of  Tumors,  Exploration  of  Wounds, 

Ulcers,  Dissolution  of  Vesical  Calculi^ 

Fistulce  and  Sinuses,  Extraction  of  Foreign    Bodies^ 

Serous  Effusions,  Removal  of  Poisonous  Metafs^ 

Orchitis,  Local  Anaesthesia. 

HISTORY   OF   ELECTRO-SURGERY. 

The  history  of  electro-surgery,  though  to  a  considerable  degree 
interwoven  with  the  history  of  electro-therapeutics  in  general,  is 
yet  sufficiently  distinct  to  entitle  it  to  special  consideration. 

Electro-surgery  was  born  in  one  of  the  darkest  eras  of  electro- 
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Jr.  I  'i  Vy  v  r.  -  - :  -:  r  •  xy. -r  -?  - f- ! '. y  en  1  j '! o^  cJ  c ; ec  iro  -pu nctu re  for 
trr:  rrr'iUtr::.'.  of  .-..'iroc^rir:  ar.d  Other  scrou^  effusions,  and  in 
i/S-n  ^•':  r'rporr'r'l  hit  sijc^e-sseii  to  ihe  French  Academy. 

•  'I  vk'f  y:ir.  j,r«r>i'#j  ly  ^1823;  pp;vo-»l  an!  L>uma.s  had  attempted,  with 
Vfifir  .ii< <<-.•,  ill':  'liwflurioii  of  'jilculi  of  the  bladder  in  animals;  and  many 
ytiii^  »Hfor«:  v»ifi«:  'viir^Mtal  divrayrs  ha/1  l^etni  treatetl  electrically,  but  the  sub- 
jf-i  I  w.i>  not  ->yst(:rnati(  ally  ^turlicd  until  1825. 

f  Mriiioircs  siir  IVIcttni-puncture,  Paris,  1825. 

I  ImmIiv'hN  Suij{«Ty,  p.  |>I.V 
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In  1839  and  the  following  year  also  Crussel,  whose  name  is  so 
prominent  a  figure  in  the  history  of  electro- surgery,  began  his  in- 
vestigations on  electrolysis.'  His  experiments  excited  little  in- 
terest in  the  profession. 

In  1843,  also,  Stein heil  and  Hcider  suggested  the  theory  that 
the  nerves  of  teeth  might  be  killed  by  placing  a  platinum  wire, 
heated  by  the  passage  of  a  galvanic  current,  in  the  cavity,  and  in 
1845  Heider  first  successfully  employed  this  meihod.  He  used 
for  this  purpose  one  very  large  element  of  Grove.  The  opera- 
tion took  but  a  few  seconds. 

In  1646,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  re- 
membered as  the  founder  of  electrolytic  treatment,  successfiilly 
removed  by  the  healed  platinum  wire  a  "  large  fungus  hemietodes, 
situated  in  the  frontal  and  ocular  region." 

In  the  same  year  Petrequin,  of  Lyons,  obtained  successfiil  re- 
sults in  the  treatment  of  aneurisms  by  galvano-puncture.  The 
year  1846  may  therefore  be  regarded  as  one  of  special  signifi- 
cance in  the  history  of  electro-surgery.  About  this  time  also  the 
same  treatment  was  used  by  Burci  of  Italy. 

In  1847  Bertani  and  Milani  first  treated  varicose  veins  by 
galvano-puncture.  In  the  same  year  Crussel  published  his 
method  of  treating  ulcers  by  availing  himself  of  the  electrolytic 
powers  of  the  galvanic  current.  This  author  observed  that  when 
two  metallic  plates  are  connected  with  the  poles  of  a  galvanic 
apparatus,  and  applied  to  the  body,  very  different  effects  were 
produced  at  the  two  poles — the  positive  acting  like  an  acid,  and 
making  harder  the  tissue  ;  the  negative  like  an  alkali,  and  causing 
an  increase  of  fluid.  On  the  strength  of  this  observation  Crussel 
treated  ulcers  and  cancers  by  a  flow  connected  with  the  positive 
pole  of  the  apparatus,  while  the  negative  was  in  the  hand  of  the 


•  Krommhold,  Elect rothcrnpic  mil  besonderer  Riicksithl  iiif  Ncrvcn-Kraok- 
heiten.  Pest,  1S65,  p.  104. 

The  (ir^  eiperiments  vrilh  electrolysis  were  made  much  earlier  tban  ttiU; 
since,  according  to  Brenner,  Mongiirdini  and  Lando  had  u^  a  needle-shaped 
electrode,  connected  with  the  n<sative  jjole  (probably  of  s  volliic  pile,  whicb 
was  then  just  coming  into  notice),  Ftir  the  irealment  of  gangrene.  Dtlt  efi- 
pUcaitQHt  dtl  GatvaiiJata  alia  medicina,  Ctaetnc,  1803. 
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paiienl.  The  result  of  this  treatment  was  lo  cause  a  scab  to  fc 
which  fell  off,  leaving  the  sore  smaller  and  more  bealthfiil  in 
(warance.     Re|)eateil  treatment  of  this  kind  wrought  cures. 

In  the  same  anij  the  following  year  Crussel  formally  called 

n  of  the  profession  to  "  the  electrolytic  method  of  cure."* 
■  the  treatment  of  strictures  another  method  was  subse- 
quently investigated  by  Willebrand,  Wells,  Ciniselli,  and  has  re- 
cently been  revised  by  Scouteten,  Mallei,  Tripier,  and  Althaus. 
1850  Marshall  suggested  and  successfully  employed  the  gal- 
vano-cautery  in  the  treatment  of  fistulic. 

In  185^  Baumgarlen  and  Wertheimer,  with  the  co-operation  of 
f  Alalgaigne,  successfully  operated  on  an  aggravated  case  of  vari- 
cose veins  in  the  arm. 

1852,  also,  Ciniselli.t  who  still  cultivates  with  distinguished 
success  the  department  of  electrolysis,  first  established  by  experi- 
t  that  the  alkalies  appear  at  the  negative  and  the  acids  at  the 
positive  pole.  His  niethod  of  demonstration  was  to  lay  a  piece 
flesh  across  the  edges  of  two  vessels  filled  with  distilled 
and  alternately  connecting  each  of  the  vessels  with  a 
The  acids  were  found  in  the  vessel  containing  the  positive  pole, 
and  the  alkalies  in  the  vessel  containing  the  negative.  The 
piece  of  flesh  was  shrunken  and  burned. J 

In  1853  Ellis  first  used  the  heated  platinum  wire  for  cauteri- 
sation of  the  cervix  in  inflammations  and  ulcerations.  In  this 
same  year  Hall  successfully  treated  a  case  of  ununited  fracture 
by  galvanopuncture. 

A  great  and  important  impulse  was  given  to  gal vano -cautery 
Middeidorpf,  who,  in  1854,  published  his  celebrated  work  on  I 
subject,  n 

in  1855,  Demarc[iiay  removed  a  swelling  of  the  submaxilli 


iece  o^^H 
wate^^H 


■  Die  Elecirolyiische  Heilmethode.     Neue  Med.-Chir,  Zeimng,  1847,  N«j 
7,     Med,  Zcitung  Russlands,  1847  and  1848.       Quoted  by  Meyer,  op  cil., 
474- 

f  Dell'  Bzione  chimica  dell'  electricito.  Cremons,  1852. 

%  Brenner,  Untersuchungcn  Und  Bcobaclilungeii  auf  dem  Gebiele  der  Eld; 
I    trotherapie,  Bd.  ii.,  p.  265. 

I  Tile  Galvanu<auElic  BresUu,  1854. 
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gland  bygalvano-pmicture.  In  tlie  same  year  Vergn6s  and  Poey 
published  their  experiments  on  the  removal  of  [wisonous  metals 
from  the  body  by  the  eleclro-chemical  hath. 

In  1856,  Boulu  caused  resolution  of  tumors  in  a  number  of 
cases  by  magneto -electricity,  applied  by  means  of  metallic  disks. 
Two  cases  of  swelling  of  the  parotid  gland  were  in  this  way  en- 
tirely cured.  In  the  same  year  Mediug  extracted  mercury  firom 
a  patient  who  had  long  suffered  from  mercurial  poisoning,  by 
means  of  the  electro- chemical  bath. 

In  1858  and  1859,  Zsigmondi  published  the  result  of  his  suc- 
cessful experience  with  galvaiio-cautery  after  the  system  of  Mid- 
deldorpf     In     1859.    also,  Delstanche,    Lehmann,    Burdel,  and  .. 
Thevissen  reported  successes  in  the  treatment  of  hydrocele  by 
farado-puficture. 

In  1861  Braiin  and  Von  Gruenewald  introduced  the  galvano- 
cautery  into  gynecology,  where  it  has  since  been  employed  for  the 
removal  of  polypi,  excision  of  the  cervix,  and  so  forth. 

Both  in  tlie  extent  and  the  variety  of  his  operations  in  this  de- 
partment Middeldoqif  far  surjiassed  all  his  predecessors.  He  de- 
vised a  powerful,  though  somewhat  bulky  apparatus,  as  well  as 
various  burners  and  loops  for  operating  on  different  parts  and 
organs  of  the  body. 

Galvano- cautery  has  been  subsequently  studiecT  by  various 
surgeons,  and  in  different  countries,  and  with  success  ;  but  up  to 
the  present  time  the  work  of  Middeldorpf  is  the  leading  systematic 
treatise  that  has  yet  appeared  on  the  subject.  Middeldorpf  is, 
therefore,  to  galvano-cautery  what  Duchenne  is  to  localized  faradi- 
^zation,  or  Remak  to  central  galvanization. 

In  1867  Althaus*  revived  the  attention  of  surgeons  to  the  sur- 
gical powers  of  electricity,  by  reports  of  successful  experiments  in 
the  treatment  of  nKvi  and  tumors  of  various  kinds  by  electroly- 

In  the  same  year  Mallez  and  Tripier  published  some  very  re- 
markable  results  in  the  treatment  of  strictures  of  the  urethra, 
after  the  method  originally  proposed  by  Crussel. 


Elecfro-Surgtry. 

Id  comparing  this  history  of  surgieal  with  that  of  medieal  elec- 
tricity, we  observe  a  number  of  interesting  points  both  of  simi- 
larity and  of  contrast.  Surgical  is  much  younger  than  medical 
elcctricitj',  dating,  as  we  have  seen,  from  1825.  In  neither  de- 
partment has  the  progress  been  unifonn  or  consistent.  Eras  of 
extravagant  expectation  have  been  followed  by  eras  of  indiffer- 
ence, ahhough  with  surgical  electricity  the  contrast  has  been 
much  less  marked  than  with  medical.  The  interest  that  was 
arousi'd  by  the  introduction  of  electro-puncture  in  1825,  of  elec- 
trolysis and  galvano-cantery  in  1846-47,  was  followed  by  a  reaction 
of  neglect  that  allowed  the  whole  subject  to  sink  into  nearly  abso- 
hite  forge  tfu  In  ess.  The  progress  of  surgical  even  more  than  of 
medical  electricity  has  been  impeded  by  want  of  convenient  and 
reliable  apparatus,  and  by  this  difficulty  is  explained  the  fact  that 
so  few  workers  have  entered  this  most  promising  field.  While  the 
number  of  experimenters  in  medical  electricity,  both  in  the  profes- 
sion and  out  of  it,  and  in  various  countries,  is  very  large,  including 
very  many  of  tlie  ablest  writers  of  modem  medical  literature,  the 
practice  of  distinctly  surgical  electricity  has  been  confined  lo  a 
few,  and  the  authors  by  whom  it  has  been  really  advanced  could 
be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pur- 
sued mainly  by  men  of  science,  and  the  progress  that  has  been 
made  in  it  has  been  ntuch  more  frequently  the  direct  result  of 
scientific  observation  and  experiment.  Those  physicians  who 
have  made  eras  in  medical  electricity  have  done  so  by  improving, 
developing,  and  Introducing  to  the  profession  methods  of  treat- 
ment which  either  by  charlatans  or  others  had  been  substantially 
known  and  practised  before  them. 

Sarlandiere,  Slcnheil,  Heider,  and  Cnissel,  on  the  contrary,  first 
suggested  and  employed  as  well  as  introduced  to  the  profession 
electro-pimcture,  gal vano. cautery,  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  the  surgical 
diseases  for  which  electricity  iS  employed  have  been  treated  with 
more  or  less  success  by  other  methods,  while  in  many  of  the 
medical  diseases  in  which  electriiation  has  been  most  successftil_ 
it  has  been  the  chief,  and  in  some  the  only  depend* 
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Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  electro- 
therapeutics in  general.  A  surgical  operation  appeals  to  the  eye 
and  to  mechanical  skill,  while  tnedicine  appeals  more  to  the 
higher  and  rarer  qualities  of  reason  and  imagination.  Many  who 
fail  to  comprehend  a  complex  medical  fact  or  principle  may  be 
fascinated  and  carried  to  enthusiasm  by  whatever  strikes  the 
senses.  Hence  we  find  that  the  suggestion  of  electro-puncture  in 
tSag  revived  an  interest  in  electricity  that  its  purely  medical  ap- 
plications failed  to  sustain,  and  from  that  time  to  the  present 
the  fortunate  operarions  of  galvano-cantery  and  electrolysis  have 
aroused  the  attention  of  many  who  had  no  faith  in  and  no  com- 
prehension of  the  remarkable  powers  of  electricity  over  nutrition. 


GAl.VANO-C 

Gah-ano-cautery  is    cauterization  by  a  resisting   wire  healed 
by  the  galvanic  current. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting 
wire  it  raises  its  temperature  in  proportion  to  tht 
of  the  wire  and  the  quantity  of  the  electricity. 
thus  heated  is  capable  of  prodncing  cauterizing  effects.  Platinum 
offers  a  greater  resistance  to  the  passage  of  the  electric  current 
than  any  other  metal  except  mercury  and  lead,  and  is  therefore 
used  in  gal  van  o -cautery.  It  will  be  seen  at  once  that  the 
electricity  is  not  applied  to  the  body,  as  in  the  various  forms 
of  electrization,  but  only  the  wire  heated  by  the  passage  of  the 


APPARATUS    FOR   GALVANO-CAUTERV. 

For  the  purpose  of  gal vano- cautery  there  is  required  a 
large  quantity  of  electricity  such  as  is  generated  by  a  large  sur- 
face of  metallic  plates.  Baiteries  for  galvanization  are  con- 
structed and  united  chiefly  for  intensity;  batteries  for  galvano- 
cautery  are  constructed  and  united  for  quantity  with  sufficient 
intensity  to  overcome  the  resistance.  Intensity  is  obt^ned 
by  uniting  a  large  number  of  cells  of  moderate  size,  in  which 
the  chemical  action  is  comparatively  feeble  ;  (juantity  is  ob- 
tained by  uniting  a  small  number  of  cells,  2,  4,  or  6,  of  large 
si^e,   and  filled    with   powerfiil  acid  solution,  so  as  to  produce 
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great  amount  of  chemical  action.  Th«se  elements  vaa,y  be 
united  in  such  a  way  as  to  o;>eraie  like  one  targe  elemcDt. 
<Secj>.  29,) 

The  apparatus  for  galvano-cauteriiation  that  is  best  known  is 
that  of  Middeldon>f-  This  consists  of  a  bos,  with  two  handles, 
divided  into  four  parts,  each  of  which  contains  a  large  eleraeot. 
The  bos  is  ten  inches  wide,  twelve  inches  deep,  and  ten  or 
eleven  inches  high. 

The  elements,  which  are  com|>oscd  of  «inc  and  platinum,  are 
six  and  a  half  inches  high,  and  four  and  a  half  inches  In  diameter. 
Thejr  contain  zinc  cylinders  which  have  altogether  a  surface  of 
31a  square  inches.  Within  these  there  are  clay  cells.  Within 
these  cells  platinum  is  placed  in  the  form  of  a  star.  The  suriace 
of  the  platinum  in  all  the  four  elements  is  250  square  inches.  It 
will  be  seen  that  the  battery  is  that  of  Grove  ;  it  is  filled  with  a 
solution  of  nitric  and  sulphuric  acids. 

Aceompanxing  Appiiratus. — The  cennectiitg  wires  for  galvano- 
catitery  should  be  very  much  larger  than  those  for  the  ordinary 
galvanic  or  faradic  current,  since  they  have  to  conduct  a  much 
laiger  quantity  of  electricity.  They  are  usually  made  of  a  num- 
ber of  strands  of  wire  and  are  insulated  by  rubber. 

The  handle  with  which  the  loops  are  connected  is  made  of 
wood.  It  is  divided  into  halves,  through  each  of  which  runs  ft 
gilded  cop|>er  wire,  one  connecting  with  the  jiositive,  the  < 
with  the  negative  pole. 

One  of  the  wires  is  divided,  so  that  it  can  be  united  by  tutnin 
a  screw  when  it  is  desired  to  complete  the  circuit.  At  the  end  tj 
the  handle  the  platinum  wire  is  attached  to  both  wir 
as  the  circuit  is  completed,  by  turning  the  screw  of  the  handl^ 
the  platinum  wire  becomes  hot,  and  can  then  be  used  for  cauteiy 

This  platinum  wire  may  be  of  various  shapes  and  sizes,  acconT-l 
ing  to  the  purpose  required. 

The  form  which  is  most  used  and  best  known  is  the  cutting, 
loop,  for  removing  tumors,  polypi,  etc.  This  is  made  of  ftesiblfi 
platinum  wire,  which  may  be  of  any  si/e.  On  the  handle  i 
wheel,  by  turning  which  the  loop  can  be  contraciuil  as  graduallyjl 
as  may  be  desired,  in  cutting  off  any  lumor.       ; 
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placed  in  situ  while  eultl.  The  circuit  is  complettd  by  the  scrcii', 
when  the  wire  at  once  becomes  healed,  the  loop  is  contracted  in 
diameter  by  turning  the  wheel,  and  thus  the  tumor  is  burned  off. 


K[0.  90. — MiddeldorpPs  Appsralus  for  Galvino.caulery,  ivilh  Reincfcc's  Elcc- 
Irodes  and  Wire  Loojs, 

Un  ihe  lable  are  repTisented  Ihe  foui  large  elemenls  ;  in  front  of  which  are 
the  elcclrojes  of  variuus  shapci,  containing  Ihe  platinum  loop^  for  operating  on 
Ihe  different  caviliea  of  the  body. 

The  large  cnnnecling  wires  attached  to  the  elemenli  and  suspended  from  the 
table  ate  compowd  of  a  number  of  twisted  wim  and  covered  with  rubber 
tubing. 
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The  surgeon  who  has  one  of  these  handles  can  readily  modify 
the  shape  of  the  wire  for  whatever  special  purpose  may  be  de- 
sired. 

Besides  the  cutting  loop,  there  are  used  what  are  called  burn- 
ers or  setons,  which  are  simply  platbuni  wires  or  platinum  surfaces 
of  various  shapes  and  sizes.  These  are  used  for  the  same  purposes 
as  the  actual  or  potential  cauterj-.  They  may  be  connected  with 
the  same  handle  as  the  cutting  loop. 

Mr,  Ellis*  has  devised  a  porcelain  cauleriier  which,  when  a 
large  surface  is  to  be  acted  on,  must  be  very  convenient.  Jt  con- 
sists of  platinum  wire  coiled  over  a  piece  of  porcelain.  This  is 
brought  to  a  white  heat  when  connected  with  the  poles  of  the 
battery  in  the  same  manner  as  the  cutting  loop.  Mr.  Ellis  used 
an  ordinary  silver  catheter,  straightened  and  slit  up  so  as  to  c 
tain  the  wire  from  the  batter)-  and  the  porcelain  cauterieer  at  tj 
end.      With  this  instrument  Mr.  Ellis  has  cauterized  die  oa  utc 

For  the  photograph  from  which   the  accotupanying  cut   ' 
prepared,  and  for  the  accompanying  explanation  we  are  indebM 
to  the  courtesy  of  Dr.  Reincke  :— The  apparatus  is  composed  j 
"  Classes,  i6  centimelTcs  high,  ii  cml.  in  circumreience. 

Zinc  cylinder,  15        "  "         9     "  " 

Clay  vessel,      16       "  "        7    "  " 

Carbon  plale,  iS       "  "        4,  5  cent,  wide,  and  1,  5  cent,  tltldbl 

"  The  elements  are  joined  logelher  by  twos  1  Ihe 
melm  long,  consist  of  twisted  copper  wire,  and  a 
tube. 

"  II  n  very  convenient  to  have  a  handle  {>iee  Fig.  90),  in  which  the  dl 
instruments  are  put  in  as  needed.  The  handle  is  mi  arranged  that  b]'  M 
a  jnn  Ihe  chain  can  be  opened  or  dosed  at  plea.sure. 

"  The  Cutting  Loop. — I  nun.  of  thick  platinum  wire  goes  through  Iw 
tubes,  which  atctepatated  from  each  other  by  ivory,  and  llris  wire  i 

"As  the  heat  in  fronl  at  the  end  of  the  two  copper  pipes  ii  very  gi 
belter  to  use  in  place  of  the  ivory,  at  this  part,  an  incombustible  c< 
equBl  pari*  of  finely  pulveriied  chilli,  and  zinc  o»yd. 

"  AHolMer  inilrupiiHl  is  made  of  Iwu  copper  rods,  separated  from  a 
by  a  small  slit,  in  front  of  which  platinum  wire,  diaped  according  lo  tlw 
IBirposes  required,  can  be  fastened  with  screws.     In  the  ji 

•  Alihaus,  op.  lit.,  p.  333. 
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the  illustration  a  ball  of  the  just -described  cement  is  pasted  on  a  spiral-shaped 
piece  of  platina  wire.  In  this  way  a  red-hot  iron  is  constantly  at  hand,  to 
which  any  desired  form  can  easily  be  given. 

**  Two  other  instruments  are  useful  for  removing  polypi  from  the  ear  and 
larynx.* 

"  When  used  the  clay  vessels  of  the  battery  are  filled  with  nitric  acid,  but 
the  glasses  with  sulphuric  acid  diluted  with  water  in  the  proportion  of  i-io 
parts.  It  is  advisable  to  pour  a  little  quicksilver  into  each  glass,  because 
thereby  the  zinc  cylinder  is  well  amalgamated.  After  having  been  used,  the 
clay  vessels  and  coal  are  put  into  clear  water  one  or  two  days,  and  then  left  in 
the  air  to  dry. 

"  All  the  parts  connected  together  are  to  be  well  polished  before  being  used, 
so  that  the  electric  current  may  not  be  hindered  in  its  course. '  * 

But  Middeldorpf's  battery,  though  very  powerful  and  reliable, 
is  open  to  two  very  serious  objections — it  is  both  bulky  and 
expensive. 

There  has  been  a  great  want  of  an  apparatus  for  galvano-cautery 
which  should  be  both  portable  and  simple  in  its  construction. 
This  want  is  now  beginning  to  be  met. 

Grenet  has  devised  a  combination  of  Bunsen*s  cells  very  strongly 
charged,  but  it  is  inconstant,  requires  much  care,  and  an  assist- 
ant is  needed  to  agitate  the  liquid  by  blowing  with  a  pair  of 
bellows. 

To  keep  the  current  of  uniform  strength,  Stohrer  has  arranged 
six  pairs  of  Bunsen  so  that  the  metals  can  be  lifted  out  of  the 
liquid  when  not  in  use.     The  apparatus  is  quite  powerful. 

Foveaux  has  arranged  four  large  Smee's  elements,  so  that  by 
turning  a  screw  the  metals  can  be  raised  out  of  the  liquid  when 
not  in  use.  All  these  three  forms  of  apparatus  are  more  or  less 
portable.      They  can,  however,  only  be  obtained  by  importation. 

Moreover,  no  one  of  them  entirely  fulfils  the  conditions  re- 
quired in  a  galvano-cautery  apparatus  for  general  use. 

By  our  suggestion  Kidder  has  recently  constructed  a  galvanic 
apparatus  of  8  large  Smee's  elements,  with  a  surface  of  about  400 
square  inches  of  platinized  silver  and  of  zinc.  The  apparatus  is 
designed  to  meet  the  wants  of  those  surgeons  who  cannot  procure 

*  An  electric  light  for  the  larynx  is  also  shown  in  the  cut.  The  advantage 
of  this  is  that  the  source  of  light  moves  with  the  instrument  for  operating. 
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the  bulky  and  expensive  apparatus  of  Middeldorpf,  and  who  de- 
sire also  the  advantages  of  compactness  and  portability. 


Fig.  91. — Kidder's  Portable  Apparatus  for  Galvano-cautery. 

The  wheel  on  the  cover  unites  the  elements  for  quantity  with- 
out breaking  the  circuit.     In  this  way  the  wire  can  be  kept  at  any 

doer<v  of"  ho.^t  which  is  deemed  necessar}'  to  accomplish  the  object 
in  hnnd  Thus  the  danger  of  breaking  or  melting  of  the  wire 
fhroiivrh  ovor-hoating  is  avoided.*  The  connecting  wires,  handle, 
<  rtfiTK  l<><^ps.  hiiriioix  etc..  for  this  apparatus  are  the  same  in 
pHi^  ipio  r^v  foi  that  cA    Midde]dori>f 

rsvv    or    THK    GAIAAXO-CAUTERV. 

r'\   ST\N  ia;  ]>nr|\^sov  for  which  galvano-cautery  has  been  re- 
,\^'m?v<^»>,)<n";  nr<l  o?ii]>)ovt\i  AR^  the  following: — 

,V."'.v-v   .'    /f/t»',vx  of  \anoits  kinds,  in  parts  that  are  not 

•.^'T.'N  n^N  o^viMt^  M  fho  orJinan  mothixis  of  extirpation — pedicu- 

'•:Nv   ftvvivx  o   th<   I.Tnnx.  ]\^h]^i  of  the  larinx,  naso-pharyngeal 

'siN' .N^   ,\N    '^-^   •^!\''fon  <a7>.<j|  and  ntonis.      Malignant  tumors  in 

•^  .>   :\^    '-^N'    •->•;>    N^    Twm^wNl   b>-  galva7H>-cauter}'   in   order  to 


•.\-.".  '',.., .^N....K.|^^^^x 


■*    N   '' 


\\^w»»'^>>^   ,S»\  ,-M^n>h%  w«<  first  ilcvised  by  Fromm- 
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2.  Cauterization  of  ulcers, 

3.  Cauterization  of  cancerous  tumors  to  stop  the  hemorrhage. 

4.  Treatment  offistuice,  by  cauterizing  the  fistula  alone,  or  by 
cauterizing  surrounding  parts,  or  by  cauterizing  both  the  opening 
and  the  parts  surrounding,  or  by  opening  the  fistula. 

5.  Amputation  of  diseased  organs  or  parts  of  organs  that  are 
difficult  of  access — as  the  neck  of  the  utenis,  the  tongue,  etc. 

6.  Treatment  of  neuralgia  by  cauterizing,  and  so  killing  the 
nerve. 

7.  Treatment  of  prolapsus  uteri  by  cauterizing  with  the  burners 
the  vaginal  walls,  and  thus  causing  inflammation,  suppuration, 
and  cicatricial  contraction.* 

ADVANTAGES  OF  THE  GALVANO-CAUTERV. 

The  advantages  of  the  galvano-cautery  over  the  actual  and  po- 
tential cautery  and  the  ordinary  operations  by  cutting  instruments, 
are  these : — 

1.  It  can  be  used  on  parts  that  are  not  easily  accessible  to 
ordinary  instruments. 

2.  It  saves  all  hemorrhage. 

3.  It  combines  the  after-cauterizing  effect  with  the  other  results 
of  the  operation,  as  is  sometimes  desirable. 

4.  It  is  more  sure  in  its  action,  and  can  be  more  accurately 
localized,  especially  in  cavities,  than  the  ordinary  methods  of 
cauterization. 

5.  It  is  but  little  painful  after  the  operation,  and  is  never 
dangerous. 

The  one  disadvantage  of  the  cautery  is  the  difficulty  of  ob- 
taining and  managing  the  necessary  apparatus. 

This  difficulty  is  now  diminishing ;  the  advances  that  have  re- 
cently been  made  in  this  department  will  bring  the  galvano- 
cautery  within  the  reach  of  all  who  are  willing  to  devote  the 
amount  of  attention  which  a  new  department  must  at  first  de- 
mand. 

There  is  reason  to  believe  that  in  the  future,  with  accessible 
and  compact  appliances,  the  use  of  the  galvano-cautery  will  be 
greatly  extended. 

♦  Meyer,  op.  cit.,  p.  464. 
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ELKCTROLySIS. 

EUctri^ysis  is  the  act  or  process  of  decomposing  a  compound  sub- 
stJi%*'e  h\  electricity. 

F.lectrcMrhemical  decomposition  takes  place  at  both  poles,  but 
muh  viinerent  products  and  manifestations,  according  to  the  nature 
of  the  >iib>txnces  acted  upon,  and  the  material  of  which  the 
elecnodes  are  composed. 

If,  for  example,  the  two  poles  are  introduced  by  needles  into  a 
bKxx:- vessel,  acids  i»-ith  albumen,  fibnn,  etc,  appear  at  the  posi- 
lix-e,  and  *7Jk.7/ics.  vratcry  extracts,  iron  and  coloring  matter  at  the 
negative  iH>le.  \\*hen  i»-ater  is  decomposed  by  the  action  of  the 
cunt- nt,  acsds  and  oxygen  appear  at  the  positive,  and  alkalies  and 
h\\:rv>pen  at  the  negative  pole. 

//:st,-1%  *y  E/c€'fro/ysis. — The  chemical  effects  of  stcUiceU  elec- 
t^:c:ri  ^^re  tirst  in\*estigaied  by  Drs.  Priestley  and  Cavendish,  in 
17S4.  The  decv^mjx>sition  of  water  by  passing  through  it  a 
siKxvssion  of  discharges  of  statical  electricity  was  first  discovered 
in  1780  by  .Messrs.  Dieman.  Paetz,  Van  Troostwyck,  and  Cuth- 
bertSi^n.  The  jx>wer  of  the  gah'anic  current  to  decompose 
wAtor  mus  vlisc\>vered  and  first  described  by  Messrs.  Nichol- 
s^>n  and  Carlisle,  in  iSoo.  They  experimented  with  the  vol- 
lau^  \^\lo.  whiv  h  had  then  just  l>een  discovered.  These  experimen- 
to:>i  ,\lso  vkvoinivsed  other  substances  by  the  galvanic  current. 
In  Nvn.  ^v\  iSoo.  Sir  Humphry  Davy  presented  to  the  Royal 
Svv ',e:\  a  Kvture  **  On  some  Chemical  -\gencies  of  Electricity," 
,irvl  in  the  lolK^wini;  \ear  he  announced  his  discovery  of  the  de- 
iXMuposuion  of  the  fixed  alkalies.  Between  183 1  and  1840  Fara- 
vlay  puMisht\i  his  "  E,\pcrimcntal  Researches  in  Electricity,''  in 
the  nu^st  r^Muarkable  series  of  scientific  essays  that  ever  proceed- 
evl  t'u>in  the  pen  of  man. 

N\  ith  the  aid  of  two  friends,  Faraday  prepared  the  following 
terminology  of  electrolysis,  which  is  now  generally  adopted. 
The  iK^les  where  the  electricitv  passes  in  and  out  of  the  body  that 
is  undergoing  decomj-X^sition  are  called  electrodes  (ijKexrpov,  and 
oJo^c,  wayV  The  surface  where  the  current  enters  the  decompos- 
ing body  is  called  the  artode  (av«,  upward,  and  oJoj.  way) ;  the  sur- 
face where  the  current  leaves  the  decomposing  body  is  called  the 
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cathode  (xara,  downwards,  and  &5cj,  way).  The  anode  \s  in  contact 
with  the  positive  pole,  and  the  cathode  with  the  negative. 

Practically,  anode  is  used  as  synonymous  with  positive  pole,  and 
cathode  with  negative,  although,  strictly  speaking,  anode  and 
cathode  refer  to  the  points  of  the  decomposing  body,  and  positive 
and  negative  to  the  poles  of  the  battery  that  are  in  contact  with 
these. 

Compound  substances  that  are  directly  decomposable  by  the 
current  are  called  electrolytes  (^Xsxrpov,  and  XiJgj,  decompose). 
To  electrolyze  a  body  is  to  chemically  decompose  it  by  the  current. 
The  act  of  producing  electrolysis  is  called  electrolyzation. 

The  elements  of  an  electrolyte  are  termed  ions^  (eKiv,  partici- 
ple of  the  verb  e/fi-i,  to  go).  Those  ions  that  appear  at  the 
anode  are  termed  anions^  those  which  appear  at  the  cathode 
are  termed  cations.  Formerly  anions  were  termed  electro-nega- 
tive, and  cations  the  electro-positive  elements  of  the  compound. 
Water,  for  example,  is  an  electrolyte  that  evolves  two  ions — oxy- 
gen and  hydrogen  ;  oxygen  goes  to  the  anode  and  is  the  anion  ; 
hydrogen  goes  to  the  cathode  and  is  the  cation. 

The  phenomena  of  electrolysis  are  due  to  a  modification  by  the 
current  of  the  chemical  affinity  of  the  particles  through  which  its 
current  passes,  and  which  causes  them  to  undergo  decomposition 
and  recomposition. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor ; 
but  in  the  readiness  with  which  they  are  decomposed  substances 
widely  vary.  Every  electrolyte  must  contain  more  or  less  of 
water.  Pure  water,  though  an  electrolyte,  is  yet  decomposed  only 
with  great  difficulty ;  but  by  adding  to  it  a  little  sulphuric  acid, 
or  certain  salts,  it  very  easily  undergoes  electrolysis.  Other  sub- 
stances that  are  found  to  be  ready  electrolytes  are  chloride  of 
sodium,  muriatic  acid,  and  iodide  of  potassium. 

Although  electrolysis,  like  all  other  phenomena  connected  with 
atomic  changes,  is  but  imperfectly  understood,  yet  some  of  the 
general  laws  of  its  operation  have  been  already  well  ascertained. 

Among  the  more  important  of  these  laws  are  these  : — 

I.  Definite  electro-chemical  action, — It  has  been  found  that  when 
several  substances  are  simultaneously  decomposed  by  the  current, 
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the  elements  that  are  evolved  are  definite   in  quantity  and  are 
electro-chemical  equivalents  to  each  other.     This  law,  which  was 
first  discovered  by  Faraday,*  can  be  well  demonstrated  by  decom- 
posing simultaneously  protochloride  of  tin,  chloride  of  lead,  and 
water,  when  the  tin,  lead,  chlorine,  oxygen,  and  hydrogen  which 
are  evolved    are    definite  in  quantity^  and   are  eUctro-chemical 
equivalents  of  each  other,     Faraday  established  the  law  that  "  the 
chemical  power  of  a  current  of  electricity  is  in  direct  proportion 
to  the  absolute  quantity  of  electricity  which  passes,"  applied  to 
all  electrolytes. 

2.  Primary  and  secondary  results, — ^The  results  of  electrolytic 
action  are  distinguished  as  primary  and  secondary.  The  results 
are  called  primary  when  the  elements  that  are  decomposed 
appear  at  the  electrodes  unchanged  and  uncombined ;  the  results 
are  called  secondary  when  the  elements  that  are  decomp>osed  are 
changed  or  recombined  when  they  appear  at  the  electrodes. 
The  secondary  results  are  favored  by  the  nascent  condition  of  the 
elements  that  are  decomposed.  The  secondary  results  are  caused 
by  the  action  of  the  decomposed  elements  on  the  substance  of 
the  electrode,  or  on  the  substance  itself  that  is  undergoing  decom- 
position. Even  the  decomposition  of  water,  when  diluted  with  sul- 
phuric acid,  is  really  a  secondary  result.  Water  alone  will  not 
decompose,  even  when  a  powerful  battery  is  used.  If  a  few 
drops  of  sulphuric  acid  are  added  the  gases  are  freely  disen- 
gaged. The  sulphuric  acid,  H^SO^,  is  disengaged  by  the  current 
into  H3  at  the  negative  and  SO4  at  the  positive  pole  ;  the  former 
H2  is  liberated,  and  the  latter  SO4  at  the  positive  pole  acts  on  the 
water  and  forms  sulphuric  acid  again.  Secondary  decomposition 
is  modified  by  the  material  of  which  each  electrode  is  composed. 
Thus  in  decomposing  sulphuric  acid,  when  the  positive  electrode 
is  made  of  carbon,  the  oxygen  decomposed  acts  on  the  carbon, 
forming  carbonic  acid  and  carbonic  oxide.  Electro-chemical  action 
continued  for  weeks,  months,  and  years,  as  was  done  by  that  very 
laborious  experimenter,  Mr.  Crosse,  of  Broomfield,  may  produce 
as  secondary  results  interesting  minerals,  such  as  quartz,  arragon- 
ite,  malachite.     During  these  experiments  in  electro-crystallization 

*  Experimental  Researches  in  Electricity,  3  vols.,  London,  1839,  1844,  1855. 
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Mr.  Crosse  discovered  that  remarkable  insect,  the  acarus,  which 
appeared  in  electrized  solutions  of  sulphate  of  iron,  sulphate  of 
zinc,  and  nitrate  and  sulphate  of  copper.  It  was  supposed  that  the 
acari  arose  from  ova  deposited  by  insects  floating  in  the  atmosphere, 
and  that  they  might  possibly  be  hatched  by  electric  action.  As  a 
reward  for  this  discovery,  which  now  seems  to  be  almost  forgot- 
ten, Mr.  Crosse  was  subjected  to  absurd  and  outrageous  abuse,  as 
though  he  were  infringing  on  the  prerogatives  of  the  Creator. 
Mr.  Weekes,  of  Sandwich,  in  Kent,  subsequently  repeated  the  ex- 
periments of  Crosse  by  passing  electrical  currents  through  silicate 
of  potash  in  glass  receivers  over  mercury.  All  possible  care  was 
taken  to  keep  out  foreign  matter.  After  a  constant  action  of  a 
year,  insects  appeared,  entirely  similar  to  those  obtained  by  Mr. 
Crosse.  The  metallic  deposits  in  electro-metallizing  are  the 
secondary  results  of  the  electro-chemical  decomposition.  Water  is 
electrolyzed,  hydrogen  is  disengaged  at  the  cathode,  and  oxygen 
at  the  anode ;  but  the  hydrogen  reacts  on  the  metallic  solution, 
combines  with  its  oxygen,  and  frees  the  metal.  The  oxygen  also 
combines  with  an  element  at  the  anode. 

3.  The  different  action  of  the  poles, — Different  elements  go  to 
the  anode  and  the  cathode,  according  to  the  nature  of  the  sub- 
stance decomposed  and  the  material  of  which  the  electrode  is 
made. 

Platinum  wire  makes  the  best  electrode  for  electrolytic  experi- 
ments on  various  substances,  because  platinum  is  not  acted  on. 
Copper  and  silver  wire  may  be  used,  but  the  secondary  action 
which  they  cause  greatly  complicates  the  experiment 

To  distinguish  the  precise  character  of  the  changes  that  take 
place  in  the  electrolysis  of  many  substances  is  frequently  difficult, 
and  sometimes  impossible.  It  is  difficult  to  decide  whether  any 
of  the  elements  of  the  electrolyte  besides  water  undergoes  decom- 
position; and  whether  the  changes  are  of  a  primary  or  secondary 
character. 

Among  the  substances  that  are  most  readily  decomposed  by  the 
electric  current  are  the  following  : — 

Iodide  of  potassium, — ^This  decomposes  under  a  very  feeble 
current,  the  iodide  and  oxygen  going  to  the  positive,  and  the 
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Iiyitto^rti  ittid  alkali  to  the  negative.     The  solution 
fill'  I  iiliit  ul'  itHliiu*. 

{*hhiuU  of  A  odium. — A  Kolution  of  common  salt  d 
(ltiil(<  hnidily,  rhlorinr  appearing  at  the  positive  and  hydrogai  and 
(mIiIp  III  nodiiiin  at  the  negative  pole. 

Aniiih' of  //•////.- -This  Halt  in  solution  decomposes  widi 
pMlittlve  hliiwneHh  hy  necondary  action,  peroxide  of  lead 
(tt   I  III'   pimitivi*  pole,   and   hanging  from  it   in    light  threads 
itMtMneM,     The  water  frecpiently  decomposes  before  the  lead  yields 
tit  all. 

Nitric  (U'iil, — Stronj(  nitric  acid  conduces  well  and  decomposes, 
oxygc«n  appearing  at  the  ])ositivc  pole,  nitrous  acid  and  nitric 
nxyd  lit  the  negative  pole.  Dissolution  takes  place,  and  the 
Wtiter  liei  omen  yellow. 

Nifnitf  of  PoUish* — This  is  a  good  conductor,  and  yields  second- 
ary remdtH. 

Sulphurous  Acid, — This,  when  diluted,  yields  oxygen  at  the 
poHitive  pole,  and  hydrogen  and  sulphur  at  the  negative. 

Sulphuric  Acid, — Tliis  yields  sulphur  at  the  negative  pole,  and 
produecH  Meeondary  results. 

Muriatic  Acid, — A  strong  solution  of  this  yields  hydrogen  at 
the  negative  pole  and  chlorine  at  the  positive  pole.* 

Besides  these  substances,  we  have  experimented  on  a  variety  of 
fruits  and  vegetables— as  lemons,  apples,  pears,  etc.,  as  well  as  on 
different  kinds  of  meats,  fat  and  lean,  raw  and  cooked,  and  on 
fresh  blood  and  the  white  of  eggs.  The  effects  of  the  electrolytic 
action,  as  they  appear  to  the  eye  and  the  ear,  though  consistent 
with  the  great  general  laws  of  electrolysis  of  inorganic  substances, 
yet  are  more  or  less  modified  by  the  varieties  of  structure.  When 
a  sound  apple  is  electrolyzed,  the  part  around  the  negative 
needle  changes  in  color  and  looks  as  though  it  had  been  bruised 
and  was  beginning  to  decay,  and  the  needle  soon  becomes  loos- 
ened and  will  easily  fall  out.  The  process  of  drying  and  decolor- 
ation goes  on  after  the  operation  is  discontinued.  In  fruits  and 
vegetables  the  electrolytic  changes  that  take  place  are  largely  due 
to  the  electrolyzation  of  water,  which  is  aided  by  the  acids  that 
they  contain. 

♦  Acetic  and  Tartaric  Acids  are  poor  electrolytes. 
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When  the  white  of  an  egg  is  electrolyzed  by  copper  needles  or 
wire,  white  flakes  rapidly  form  around  the  needle  connected  with 
the  negative  pole,  covering  the  needle  as  cotton  covers  a  bobbin 
of  a  loom.  This  white  covering  soon  becomes  detached  from 
the  needle,  if  the  current  is  tolerably  strong,  and  floats  on  the  sur- 
face of  the  albumen,  and  then  another  similar  envelope  is  formed 
over  the  needle.  In  a  little  time  the  surface  of  the  albumen,  be- 
comes covered  with  white,  slight  masses,  resembling  what  are 
known  on  our  tables  as  "floating  islands."  These  formations 
are  not  coagula,  as  might  be  supposed,  but  are  simply  composed 
of  hydrogen  gas  enveloped  by  very  thin  layers  of  albumen,  into 
which  it  is  mechanically  driven  by  the  electrolytic  action,  after 
the  analogy  of  soap-bubbles  and  the  froth  of  a  beaten  egg,  where 
the  distention  is  caused  by  common  air  enveloped  by  water  and 
albumen. 

Besides  these  changes  the  albumen  becomes  discolored,  and 
reddish-yellow  streaks  are  found  at  both  poles.  This  discolor- 
ation is  due  partly  to  the  action  of  the  oxygen  or  the  albumen  on 
the  copper  of  the  electrodes,  and  partly,  it  may  be  supposed,  to 
the  decomposition  of  the  albumen  itself. 

Although,  as  has  been  said,  platinum  wires  at  the  point  of  in- 
sertion into  the  substance  are  best  for  these  experiments,  since 
they  are  not  acted  on,  and  exhibit  the  changes  in  their  purity,  yet  a 
common  sewing  or  darning  needle,  or  copper  wire,  will  answer ; 
but  it  should  be  borne  in  mind  that  the  action  of  the  substances 
on  these  will  complicate  the  observation,  and  that  they  will  in  a 
short  time  become  destroyed  by  oxydization. 

Electrolysis  is  not  only  a  very  important  branch  of  electro- sur- 
gery, but,  in  its  scientific  and  practical  relations,  as  illustrated  by 
the  experiments  above  described,  and  in  its  application  to  dis- 
ease, it  is  one  of  the  most  fascinating  studies  to  which  the  human 
mind  can  be  brought,  and  is  therefore  worthy  of,  and  must  every- 
where receive,  the  systematic  attention  of  the  profession. 

When  now  we  come  to  inquire  what  relation  these  rich  and 
varied  phenomena  of  the  electrolysis  of  inorganic  substances  sus- 
tains to  the  practical  application  of  electrolysis  to  the  treatment 
of  disease,  we  are  forced  to  admit  that  the  subject  is  yet  far  short 
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crumbles,  until  it  resembles  the  burnt  comers  of  a  piece  of  roast 
beef.  We  have  described  the  process  in  some  detail  because,  in 
all  the  essential  features,  it  represents  what  takes  place  during  the 
electrolytic  treatment  of  tumors,  or  indeed,  of  any  diseased  por- 
tion of  the  living  body.  For  electrolysis,  living  as  compared  with 
dead  tissue  has  the  twofold  advantage  that  its  solutions  are 
warmer  and  therefore  better  conductors,  and  that  it  is  capable  of 
the  processes  of  absorption. 

When,  therefore,  needles  connected  with  the  poles  of  a  galvanic 
battery  are  inserted  into  a  tumor,  for  example,  a  threefold  action 
is  produced. 

I.  Decomposition  of  its  fluid  cofistituents, — Hydrogen  and  alka- 
lies, soda,  potassa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to 
the  positive.  The  special  character  of  these  electrolytic  phenom- 
ena will  depend  on  the  character  of  the  tumor,  and  the  rapidity  of 
the  action  will  be  i)roportioned  to  the  relative  amount  of  its  fluid 
constituent.  As  the  body  is  mostly  composed  of  water  holding 
salts  of  potash,  soda,  etc.,  in  solution,  it  is  a  good  electrolyte,  and 
in  most  of  the  conditions  of  disease  undergoes  rapid  decompo- 
sition. Fatty  tissue  is  slow  to  be  electrolyzed,  and  requires  great 
strength  of  the  current,  as  we  have  frequently  demonstrated  on 
dead  tissues,  and  therefore  fatt)'  tumors  are  quite  difficult  to  discuss 
electrolytically.  Scirrhus  also  requires  considerable  strength  of 
current,  and  is  electrolyzed  with  comparative  slowness ;  the  same 
is  tnie  of  goitre  and  glandular  tumors  in  general.  Erec- 
tile tumors,  which  are  almost  entirely  of  fluid  composition,  can  be 
electrolyzed  very  rapidly.  Although  electrolytic  action  takes 
place  at  both  poles  when  inserted  in  tumors,  as  when  inserted 
in  inorganic  substances,  yet  this  action  on  the  whole  appears  to 
be  the  most  vigorous  and  most  effective  for  causing  absorption 
and  disintegration  at  the  negative  pole,  and  in  ])ractice  this  pole  is 
usually  found  to  be  the  most  efficacious,  although  successful  re- 
sults are  obtained  by  the  positive  pole  or  by  both  combined.  But, 
as  has  been  shown,  the  electrolysis  is  modified  both  by  the  compo- 
sition of  the  electrolyte  and  the  character  of  the  electrode,  and  it 
is  not  impossible  that  it  may  yet  be  practically  established  that 
some  morbid  conditions  are  better  treated  by  the  positive,  and 
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others  by  the  negative  pole.  There  would  indeed  already  appear 
to  be  some  evidence  that  in  scirrhus  of  the  breast  the  negative 
pole  is  the  most  efficient,  and  that  the  positive,  in  some  stages  at 
least,  may  be  actually  injurious  by  causing  suppuration. 

The  difficulty  of  settling  this  question  arises,  as  has  been  sug- 
gested, from  the  fact  that  we  know  only  in  part  the  primary,  and 
not  at  all  the  secondary  changes  that  take  place  during  the  elec- 
trolysis of  the  living  tissues.  Reasoning  from  what  we  know  of 
the  electrolysis  of  inorganic  substances,  it  is  probable  to  assume 
that  in  the  electrolysis  of  a  malignant  tumor,  for  example,  the 
many  chemical  substances  of  which  it  is  composed  undergo 
manifold  combinations  and  recombinations,  the  precise  nature  of 
which  cannot  well  be  fully  divined,  and  the  practical  effect  of 
which  in  causing  discussion  of  the  tumor  can  only  be  determined 
by  extended  clinical  experience. 

2.  Absorption. — Absorption  may  be  hastened  both  by  the 
chemical  changes  that  take  place,  and  also  by  the  mechanically 
irritating  effect  of  the  needles  and  the  transference  of  the  anions 
and  cations.  This  absorption  takes  place  both  during  and  after 
the  treatment.'  In  some  cases  it  is  not  at  all  observed  during 
the  operation,  but  goes  on  slowly  for  weeks  following. 

3.  Disintegration  and  atrophy. — As  a  result  of  the  decom- 
position and  absoqDtion,  and  associated  with  them,  the  tissues 
become  dried,  se})aratcd,  shrivelled,  and  the  tumor  decreases  in 
bulk  and  may  entirely  disappear.  All  these  processes,  or  rather 
the  effects  of  these  processes,  may  be  distinctly  observed  during 
the  electrolysis  of  any  small  wen,  mole,  naivus,  or  wart,  both  dur- 
ing and  after  the  operation.  Shortly  after  the  needle  is  inserted, 
the  growth  will  be  seen  to  change  in  color  ;  the  skin  soon  begins 
to  shrivel  and  contract,  like  an  apple  when  it  is  baking.  The 
next  day  the  growth  will  be  still  smaller,  and  perhaps  nearly  or 
entirely  obliterated. 

The  same  phenomena  may  be  observed  during  the  electrolysis 
of  large  tumors,  when,  like  erectile  tumors,  they  are  of  soft  consis- 
tence. Dense,  hard  growths,  like  scirrhus,  exhibit  these  changes 
much  more  slowly,  and  during  and  immediately  after  the  operation 
may  show  no  other  effect  than  perhaps  a  slight  enlargement  and 
softening,  that  are  chiefly  due  to  the  disengaged  gases.      The  other 
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effects,  absorption  and  disintegration,  take  place  later  and  after 
repeated  operations. 

Although  electrolysis  is  most  effectually  and  most  sensibly  pro- 
duced when  the  current  is  made  very  dense  by  being  concen- 
trated in  small  needles,*  yet  it  is  entirely  demonstrable  that  electro- 
lytic action  takes  place  when,  instead  of  needles,  electrodes  with 
a  broad  surface  are  used,  though  in  a  proportionally  milder  degree. 
This  may  be  readily  proved  by  substituting  broad  plates  for 
needles  in  the  decomposition  of  iodide  of  potassium,  when  the 
usual  changes  are  seen  to  take  place,  though  far  less  rapidly, 
provided  the  current  is  of  sufficient  strength  to  compensate  for  the 
decrease  in  density  by  the  increase  in  the  size  of  the  electrodes. 

It  follows,  therefore,  that  in  all  the  ordinary  applications  of  the 
galvanic  current — the  treatment  of  ulcers  by  metallic  plates  and 
external  galvanization  with  moist  sponges — electrolytic  as  well  as 
electrotonic  (see  pp.  50,  156)  effects  are  produced. 

Althaus,  who  has  specially  studied  "  the  action  of  the  current 
upon  the  intimate  structure  of  the  skin  and  cellular  tissue,  muscu- 
lar fibres  and  tendons,  cartilages  and  bones,  liver  and  pancreas, 
spleen  and  thyroid  body,  kidneys  and  supra-renal  capsules,  testi- 
cles, breasts,  and  ovaries,"  ascertained  that  "  the  electrolytic  action 
of  the  negative  pole  on  animal  tissues  was  mainly  composed  of 
two  different  elements,  viz.  :  of  the  mechanical  action  of  the 
nascent  hydrogen,  which  was  under  the  microscope  seen  to  rise 
in  innummerable  bubbles  as  soon  as  the  circle  was  closed,  and  to 
force  itself,  as  it  were,  between  the  stmctural  elements  of  the  tis- 
sues, driving  their  fibres  mechanically  asunder  ;  and  secondly ^  of  the 
chemical  action  of  the  free  alkali  (soda  and  potassa),  which,  to- 
gether with  the  hydrogen,  is  developed  at  the  negative  pole  of 
the  battery. "t 

*  Dr.  Wollaston  demonstrated,  in  1801,  that  with  a  gold  needle  insulated  to 
the  point,  which  was  but  1  ^y^j^  of  an  inch  in  diameter,  water  could  be  sensibly 
decomposed  by  a  succession  of  sparks  of  statical  electricity  only  }xi  of  an 
inch  in  length,  while  if  the  point  of  the  needle  was  7^,^,  of  an  inch  in  diameter 
sparks  \  of  an  inch  in  length  were  required  in  order  to  effect  the  same  decom- 
I>osition.     (Noad*s  lectures  on  Electricity,  p.  76.) 

t  On  the  Electrolytic  Treatment  of  Tumors  and  other  Surgical  Diseases, 
1867,  p.  10. 
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Althaus  also  found  that  the  force  and  rapidity  of  these  changes 
were,  the  structure  being  the  same,  in  exact  proportion  to  the 
electro-motive  force  employed.  Ten  cells  had  more  effect  than 
five  cells,  and  twenty  more  than  ten,  and  so  on. 

The  number  of  elements  being  the  same,  tissues  which  contain 
the  most  water,  as  the  muscles,  cellular  tissue,  and  spleen,  yield 
most  rapidly  to  the  electrolytic  action  (see  p.  84).  Bones  and 
teeth  resist  the  action  for  a  long  time. 

Althaus  subsequently  experimented  on  living  frogs  and  rabbiiSy 
and  found  that  the  results  were  substantially  the  same  as  in  the 
dead  subject.  He  also  ascertained  that  the  negative  pole,  when 
applied  by  a  needle  to  blood-vessels,  caused  disintegration  of  the 
blood.  The  result  of  this  disintegration  was  that  a  foreign  body 
appeared  in  the  blood,  around  which  lamellated  fibrine  was 
deposited.  From  all  these  experiments  he  concluded  that  the 
negative  pole  was  on  the  whole  preferable  for  the  treatment  of 
aneurism. 

Apparatus  for  Electrolysis. — Electrolytic  action  is  chiefly 
obtained  by  the  galvanic  current^  although  there  is  little  ques- 
tion that  the  faradic  current  (both  the  electro-magnetic  and  mag- 
neto-electric) has  more  or  less  electrolytic  power,  and  the  mag- 
neto-electric current  has  been  used  in  electro-plating.* 

The  magneto-electric  rotary  machine,  as  constructed  by  Saxton 
or  Stohrer,  is  capable  of  producing  electrolysis. f  It  has,  how- 
ever, for  this  purpose,  in  therapeutics  at  least,  no  advantage,  and 
decided  disadvantages,  as  compared  with  the  galvanic  current. 

//  has  been  shown  that  for  the  purposes  of  galvano-cautery 
quantity  with  moderate  intensity  was  required,  and  that  this  was 
obtained  by  a  few  large  elements  :  for  the  purposes  of  electrolysis 
intensity  with  moderate  or  fair  quantity  is  required,  such  as  is  ob- 
tained by  a  considerable  number  of  elements  of  medium  size. 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  appa- 
ratus (p.  131)  can  be  used  for  electrolysis.  The  apparatus  of 
Krtiger  and  Hirschmann,  of  Stohrer  or  of  Kidder,  can  all  produce 
this  action. 

*  Noad*s  Lectures,  p.  402. 

t  See  Fromnihold's  Electrotherapic  mit  besondercr  Rucksicht  auf  Nervcn- 
Krankheiten,  Pest,  1865,  p.  104. 
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Some  of  the  uses  of  electrolysis,  such  as  the  discussion  of 
malignant  tumors,  require  more  quantity  of  electricity  than 
others.  Any  good  combination  of  DanielFs  or  Bunsen's  ele- 
ments, or  of  Smee's  elements  of  a  good  size,  such  as  we  use  in 
our  combination  of  60  large  cells,  or  of  bisulphate  of  mercury  or 
chloride  of  silver  elements,  if  not  too  small,  will  furnish  sufficient 
quantity  for  nearly  any  required  purpose.  The  number  of  ele- 
ments to  be  employed  depends  on  the  special  purpose  in  hand. 
The  general  rule  is,  the  larger  and  harder  the  extent  of  tissue  to 
be  acted  on,  the  greater  the  quantity  and  intensity  of  electricity 
required.  Deficiency  of  quantity  or  intensity  in  a  battery  may 
within  certain  limits  be  compensated  by  protracted  application. 

In  the  case  of  galvanic  batteries  for  surgical  as  well  as  for  medi- 
cal purpose,  it  should  always  be  borne  in  mind  that  the  strength 
of  the  whole  battery  is  considerably  reduced  by  weakening  one  of 
the  cells.  This  law  of  electricity,  which  is  explained  on  the 
theory  that  the  electric  current  can  pass  through  any  cell  only  by 
giving  rise  to  approximately  the  same  amount  of  decomposition 
that  was  necessary  to  generate  it  in  the  cells  from  which  it  came, 
we  have  demonstrated  by  reducing  the  strength  of  one  of  the 
elements  of  a  battery,  either  by  partially  withdrawing  the  metals 
or  by  using  less  acid,  or  simple  water,  and  comparing  the  current 
with  that  which  is  generated  when  all  the  elements  are  of  nearly 
equal  strength.  It  follows  from  this  that  the  solution  for  bat- 
teries should  be  thoroughly  made  before  it  is  poured  into  the 
cells,  so  that  all  the  elements  may  be  of  uniform  strength.  To 
increase  the  strength  of  one  or  two  cells  without  increasing  the 
strength  of  all  adds  but  little  to  the  effective  power  of  the 
battery. 

Methods  of  testing  batteries. — Batteries  may  be  approximately 
tested  with  a  view  to  ascertaining  their  comparative  advantages 
for  electrolysis  by  the  amount  of  deflection  they  cause  to  the 
needle  of  the  galvanometer  (p.  31) ;  by  the  rapidity  and  amount 
of  decomposition  which  they  cause  in  simple  compounds,  such  as 
iodide  of  potassium,  and  by  their  capacity  for  heating  platinum 
wire  (p.  30). 

The   galvanometer  indicates    the   approximate  intensity  and 
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quantity  of  electricity  in  a  battery.  In  the  electrolytic  treatment 
considerable  quantity  is  required,  for  Faraday  proved  by  ex- 
periment that  to  decompose  a  single  grain  of  water  there  is 
needed  a  quantity  sufficient  to  sustain  a  platinum  wire  i-J-j-  of  an 
inch  in  thickness  red  hot  in  contact  with  the  air  for  three  minutes 
and  three-quarters. 

But  in  the  electrolytic  treatment,  not  only  is  quantity  required 
to  cause  decomposition,  but  very  considerable  intensity  also,  to 
overcome  the  resistance  and  make  decomposition  possible.     A 
rough  and  but  approximate  test  for  both  intensity  and  quantity — 
that  is,  for  the  qualities  that  are  needed  in  electrolytic  thera- 
peutics— is  found  in  the  decomposition  of  iodide  of  potassium. 
The  rapidity  with  which  this  yields  to  the  current  of  a  battery, 
and  the  amount  of  iodine  evolved  in  a  given  time,  very  fairly 
indicates  the  capacity  of  that  battery  for  electrolytic  purposes. 
By  this  and  by  other  chemical  substances  we  have  tested  a  variety 
of  batteries  of  different  constniction,  sizes,  strength  of  solution, 
and  number  of  elements,  in  order  to  see  which  might  be  regarded 
as  best  for  electrolytic  therapeutics.     We  have  found  that  a  given 
number  of  large  Smee's  elements  produces  greater  decomposition 
than  the    same   numbers   of  small   Smee*s   elements,  with  the 
same  strength  of  solution.      We  have  found  also  that  Stohrer's 
zinc-carbon   battery,  when   freshly  charged,  causes    in   a   given 
time  much  more  decomposition  than  the  same  number  of  Smee*s 
elements  of  pretty  nearly  equal  size,  but  that  it  quite  rapidly 
weakens  when  it  is  much  used.     For  electrolytic  purposes,  there- 
fore, large  elements  are  preferable  to  small,  especially  when  hard 
tumors  are  to  be  treated  ;  and  if  small  cells  are  used,  the  apj^lica- 
tions  must  be  more  protracted.     A  series  of  small  elements  will 
cause  as  much  decomposition  in  ten  minutes  as  a  series  of  t>vice 
their  size  will  in  five  minutes,  and  when  used  in  the  treatment  of 
tumors,  for  example,  would  need  twice  as  much  time  as  the 
large  elements  to  accomplish  the  same  result.*     From  this  it  fol- 

*  In  experimenting  with  galvanic  batteries  care  must  be  taken  to  avoid 
frequent  or  long-continuecl  connection  of  the  rnctallic  portions  of  the  elect  ro<lcs, 
since,  on  account  of  the  feeble  resistance  thus  offered — metals  being  far  better 
conductors  than  the  human  body — powerful  action  takes  place  in  the  cells 
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lows  that  batteries  composed  of  elements  of  pretty  good  size  are 
best  adapted  for  electrolysis.  Small  elements  have  no  advantage 
except  their  portability,  which  in  some  cases,  however,  becomes 
an  actual  necessity. 

Another  advantage  of  large  elements  is  that  they  last  longer 
unlhout  cleaning  than  those  which  are  very  small,  as  all  light, 
portable  galvanic  batteries  must  necessarily  be. 

Needles. — For  producing  electrolysis  in  tissues  beneath  the 
skin  fine  needles  of  gold  or  gilded  steel  are  used.  The  advan- 
tage of  the  gold  is  that  it  resists  oxidation  better  than  any  other 
metal.  Gold  or  gilded  needles  can,  however,  be  used  only  with  the 
negative  pole,  since  with  the  positive  they  would  be  acted  on.  The 
conductors  may  be  composed  of  two,  four,  six,  eight,  or  more 
needles.  The  needles  may  be  insulated  with  hard  rubber  or  col- 
lodion or  shellac  for  about  one-third  of  their  length,  so  that  when 
introduced  into  a  tumor  the  skin  may  not  be  acted  on  and  inflam- 
mation excited.     Insulation,  however,  is  not  absolutely  necessary. 

Althaus  has  employed  a  conductor,  a  modihcation  of  which  is 
represented  in  the  following  cut. 


Fio.  91 — Conductor  for  Electrolysis. 

This  consists  of  a  conducting  wire,  composed  of  a  number  of 
small  wires  twisted,  with  a  number  of  branches,  each  one  of 
which  is  so  arranged  that  it  can  be  attached  to  a  gilded  needle 
after  it  has  been  introduced  into  the  part  to  be  treated. 

The  advantages  of  this  arrangement  are  that  one  needle  or 
(as  is  shown  by  the  iictive  cvolulinn  or  gases,  attended  with  a  boiling 
or  hisMng  sound),  which,  if  allowed  let  continue,  fnls  hoUi  in  and  rapidly  con- 
tiimti  Iht  sine. 
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rapidly  induce  coagulation  of  the  blood,  but  to  secure  a  gradual 
deposit  of  the  layers  of  fibrin. 

Dr.  Althaus,  as  has  been  seen,  contends  that  for  this  purpose 
the  negative  pole  is  by  far  preferable.  It  has  been  proved  by 
experience  that  the  clots  which  are  rapidly  formed  are  easily 
washed  away,  and  may  cause  inflammation  and  gangrene.  Only 
in  exceptional  cases  is  coagulation  followed  by  permanent  consol- 
idation. 

Although  it  is  unquestionable  that  the  negative  pole,  as  Dr.  Al- 
thaus  contends,  has  a  different  electrolytic  action  from  the  positive, 
and  although  the  evidences  are  accumulating  that  the  negative  pole 
produces  more  powerful  and  more  satisfactory  electrol3rtic  effects  in 
aneurisms  than  the  positive,  yet  it  is  not  yet  established  that  in  all 
cases  the  negative  should  be  exclusively  used.  As  will  be  seen, 
successful  results  have  been  obtained  by  the  simultaneous  use  of 
both  poles. 

Method  of  Treatment. — The  electrolytic  treatment  of  aneurism 
requires  from  5  to  20  cells.  As  the  operation  is  somewhat  pain- 
ful, it  is  well  to  put  the  patient  under  the  influence  of  an  anaes- 
thetic, or  to  use  local  anaesthesia.  It  is  not  well  to  begin  with  the 
full  power  of  the  current,  but  to  introduce  the  needle  with  but  one 
or  two  elements,  and  to  gradually  increase  the  number  until  the 
desired  number  is  reached.  When  this  caution  is  used,  merely 
local  anaesthesia  will  sometimes  be  sufficient. 

Two  or  three  needles  connected  with  the  negative  pole  (see 
p.  627)  should  be  introduced  into  the  aneurism,  while  a  sponge 
electrode  connected  with  the  positive  pole  is  applied  to  the 
surface  near  by.  The  length  of  the  application  may  range 
between  5  and  45  minutes.  From  one  to  four  or  five  operations 
are  usually  sufficient.  Some  important  cures  have,  however, 
been  obtained  by  coagulating  the  blood  with  the  positive  pole,  or 
with  both  poles. 

Ciniselli  reports  a  cure  of  aneurism  of  the  ascending  aorta  by 
galvano-puncture.  The  tumor  appeared  in  the  third  intercostal 
space.  He  first  introduced  one  needle  connected  with  the 
positive  pole  into  the  tumor,  and  connected  the  negative  pole 
with  a  sponge  electrode  that  was  applied  outside,  near  the  tumor. 
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n-\i  uiiitcil  the  |"isinvi:  polu  with  the  second  needle,  and  the 
lin'  111  till-  iHcdlc  tlial  was  first  connected  with  the  positive 
Till;  xMiuv  ^^!ls  protractLHi  40  minutes.  Sixty-six  days 
llif  oiJiTaluin  tin;  |ialient  was  well,  although  at  first  the 
ition  w:is  lullowt^d  liy  symptoms  of  superficial  inflammatioa. 
I'liT  has  n-iiiriltd  a  cure  of  aneurism  of  the  left  knee  by 
■  nL'L-iUi's  amn^itoil  with  the  jHisitive  pole  with  20  cells,  A 
I    al)M:^■>^  a|iiiv:ir«i   near  the  patella,  but  it  was   promptly 


I)  of  the  left  external  iliac 

'.'imiicturf.  Symptoms  of  imflammation  appeared, 
us  iIk:  tuinor  was  firmer,  and  evinced  less  pulsa- 
ir.niir,  current,  however,  has  nothing  to  commend 
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For  three  weeks 
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have  resulted  from  a  fall,  was  very  large,  occupying  most  of  the  lateral  triangle 
of  the  neck,  and  extending  beneath  the  sterno-cleido-mastoid  muscle  to  the 
median  line.  An  operation  was  not  deemed  advisable.  Digital  compression 
was  tried  for  26  hours.  This  treatment  caused  no  change  in  the  appearance  of 
the  aneurism,  but  an  ulcer,  followed  by  spreading  gangrene,  appeared.  The 
sac  consequently  became  exposed.  Treatment  by  carbolic  acid  and  bromine 
arrested  the  sloughing,  leaving  a  deep  ulcer  about  2  inches  in  diameter. 

**  The  sore  gradually  contracted,  but  never  entirely  healed,  up  to  the  time  of 
the  patient's  death.  The  inflammation  which  attended  the  sloughing  process 
seemed  to  have  produced  some  consolidation  of  the  sac  and  its  contents  at  its 
lower  part,  and  on  the  7th  of  May  the  pulsation  disapp>eared  in  the  right 
radial  and  ulnar  arteries,  and  did  not  return.  The  upper  and  inner  portion  of 
the  aneurism,  however,  continued  to  pulsate  as  before,  and  the  tumor  was  evi- 
dently increasing  in  size.  Under  these  circumstances  I  decided  to  resort  to 
galvano-pimcture,  and  obtained  the  assistance  of  my  friend  Dr.  Guleke,  who 
kindly  loaned  his  apparatus  for  the  operation,  which  he  performed  on  May 
15th.  A  gilded  steel  needle  was  introduced  into  the  sac  at  its  upper  part,  and 
was  then  connected  with  the  positive  electrode,  the  negative  electrode  being  ap- 
plied to  the  skin  over  the  upper  part  of  the  sternum.  The  current  was  applie<l 
for  a  quarter  of  an  hour,  the  patient  having  been  previously  put  under  the  influ- 
ence of  sulphuric  ether.  No  bad  effects  followed  the  operation,  which  was  re- 
peated in  the  same  manner  by  Dr.  Ciuleke,  May  22d,  and  by  myself  on  May 
26th.  Notwithstanding  the  tumor  became  firmer  after  these  op>erations,  it 
enlarged  so  rapidly  that  I  yielded  to  the  patient's  request,  and  abstained  from 
further  surgical  treatment.  The  suffering  produce<l  by  the  pressure  of  the 
growing  aneurism  on  the  oesophagus,  trachea,  and  the  neighboring  ner\'es  was 
most  intense,  and  could  be  only  partially  controlled  by  large  doses  of  mor- 
phine, frequently  repeatetl.  On  the  8th  of  June  the  neck  measured  22 
inches  in  circumference.  On  the  gtli  the  aneurism  burst  externally,  and  a 
copious  hemorrhage  followed  :  the  hemorrhage  recurred  on  June  12th,  and 
proved  fatal.     The  rupture  took  place  through  the  ulcer  above  mentioned." 

Aneurism  of  tht  Brachial  Artery. 

A  patient  of  Petrequin,  29  years  of  age,  suffered  from  an  aneurism  of 
the  bend  of  the  elbow,  resulting  from  a  wound  of  the  brachial  artery. 
Four  steel  needles  connecte^l  with  a  pile  of  45  elements  were  introduced  into 
the  tumor,  two  on  the  outer  and  two  on  the  inner  side.  At  first  the  negative 
pole  was  connecf'd  with  upi>er  and  outer  needles,  and  the  positive  with  the 
upper  and  inner  needles.  After  three  minutes  the  negative  pole  was  connected 
with  the  lower  and  outer  nee<lles,  and,  after  three  minutes  more,  the  positive 
pole  was  connected  with  the  inner  and  lower  needles.  This  part  of  the  opera- 
tion lasted  twelve  minutes,  during  the  last  three  of  which  the  negative  pole  was 
again  connected  with  the  upper  and  inner  needles.     The  tumor  was  now  found 
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Nlcnili  W3S  ioccea^ii  in  rwa  coses  of  xmRnisns  of  t&e 
and  Peuet-imii  in  dirse  cases  of  jnenzfsn  at  die  sobdziiaiL 

Bertani  iiui  MZumi  expenziientsd  izi  t&e  trmnnnit  of  razicose 
▼ems  by  galvanopmicnire  as  or  back  as  1^47.  These  obsenms 
applied  2.  bondage  or  oaarmqnet  to  cfae  limb  to  ^^^w™**?*  the  bkxid 
sopplj  before  operarrng. 

Bamngaxten  and  Werdieimer  snccessfizIlT  treated  a  sercfe  case 
of  ▼aricose  Tcins  of  the  upper  extrenutr  op  to  acromioiiy  whence 
the  evil  seemed  to  spread  over  the  trunk.  The  potieiit  was  a 
young  girL     The  Limb  had  doubled  in  size. 

"Baismgarren  anii  Wertheinier  in^rrxincei  in  three  sittings  *f  an  interral  of 
two  t'j  three  days  each  -Lme,  about  ten  neetHes  into  the  most  emended  veins,  pla- 
cing a  conductor  cor.nectefl  with  the  negative  pole  in  the  hand  of  the  patient, 
at  the  ^ame  time  connecting  all  the  needles  with  the  positive  pole.  The  opera- 
ti^>n  OLUMifl  \Ait  little  pain.  After  a  few  minutes  the  needles  were  removed, 
when,  in  place  of  the  dilaterl  vein.s  full  resistant  cords  were  felt,  a  sure  sign  of 
complete  coagulation.  After  a  month,  the  greater  portion  of  the  veins  was 
oblif  eratcl,  and  the  volume  of  the  limb  considerably  reduced ;  only  then  those 
veiriH,  heretofore  ft(  normal  size,  Ijegan  to  dilate  a  little,  which  circumstance 
can  exercise  no  influence  on  our  opinion  of  this  modus  operandi y\ 

The  interesting  point  in  the  above  case  was  that  the  coagula- 
tion was  produced  by  \^^  positive  pole. 

Those  observers  concluded,  from  their  experiments  on  animals, 

•  Hamilton's  Prize  Essay,  p.  25. 
f  Meyer,  op.  cit.,  p.  471. 
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that  the  negative  pole  produced  no  coagulation  of  blood-vessels  ; 
that  both  poles  produced  a  slow  and  feeble  coagulation  ;  but  that 
the  most  rapid  and  complete  coagulation  was  produced  by  the 
positive  pole. 

It  will  be  seen  that  these  conclusions  are  opposed  to  those 
which  Althaus  obtained  by  his  more  recent  investigations.  (See 
p.  639.) 

STRICTURES   OF  THE   URETHRA. 

Electrolysis  for  strictures  was  first  used  by  Crussel.  The 
same  treatment  was  subsequently  employed  by  Willebrand  and 
Wertheimer. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a 
metallic  sound,  insulated  up  to  the  tip,  and  to  connect  this  with 
the  negative  pole,  while  the  positive  was  held  in  the  hand  of  the 
patient.  The  application  was  continued  for  ten  or  twenty 
minutes,  and  the  cufe  was  accomplished  in  eight  or  ten  days. 

The  first  important  and  successful  results  in  the  electrolytic 
treatment  of  strictures  of  urethra  were  obtained  by  Mallez  and 
Tripier,  in  1867.* 

Their  method  of  treatment  was  to  introduce  an  insulated 
sound  with  a  metallic  extremity  to  the  seat  of  the  stricture,  con- 
necting it  with  the  negative  pole,  while  the  positive  was  applied  to 
the  inner  side  of  the  thigh  by  a  moistened  sponge  electrode. 
They  used  a  bisulphate  of  mercury  battery. 

At  the  commencement  of  the  operation  the  patient  feels  a 
pricking  sensation.  This  sensation  becomes  less  and  less 
marked.  The  metallic  extremity  is  then  passed  along  until  all 
parts  of  the  stricture  are  affected.  After  the  operation  a  cathe- 
ter can  be  introduced  without  difficulty. 

The  operation  lasts  about  ^v^  minutes ;  from  one  to  five  appli- 
cations are  necessary.  In  the  majority  of  the  thirty-one  cases 
treated  by  Mallez  and  Tripier,  one  application  was  sufficient. 

The  diameter  of  the  urethra  seems  to  increase  slightly  for  a 
few  days  succeeding  the  operation. 

♦  De  la  gu^rison  durable  des  r^tr^cissements  de  Tur^thre,  par  la  galvano- 
caustique  chimique,  Paris,  1867.  The  term  **  chemicai  gatvano-cautery^'*^  used 
by  these  authors,  is  synonymous  with  electrolysis. 


The  pair,  of  ±e  opemfoa  U  iianalh"  Tetv  sligjit :  in  one 
cnlj  TX;  :r  severe.     Iz  a  minorinr  of  die  cases  sHght  hcmonhage 

1 7.  ire  'lOae  fever  irp^eared.  acd  the  panent  died  a  wek  after 
the  critrriroti.  ilthou^  the  operaiioii  itself  vas  soccessfiiL  Mal- 
lei iT.'i  Trpier  asaerr  char  the  one  fatal  case  should  not  be 
allov-^i  :<j  Tei^  as  evicfe::ce  against  the  method  of  treatment. 
Letia^ie  ^fcarh  has  also  occurred  firom  the  mere  passing  of  tbe  ca- 
theter in  parents  who  were  in  a  condition  of  great  debilitj. 

The  following  cases  are  taken  firom  the  monograph  <^  >IaDez 
and  Tnpier : — 

'*  Q..  40  year?  old ;  pciiccnum.    Two  attadks  of  goDonhcea.   Uiinatioo  fre> 

qaenu  -fifical^.  and  poixifid. 

^*  Fibroos  srrictore  at  the  anioa  of  the  bulb  and  of  the  membruioas  portion, 
ajmiirin^  oclr  «-i:h  di£5cnlty  a  Xo.  3  boogie.  Unne  toj  catarrhal.  No 
prrciocs  rreatment. 

**  Jane  2,  1S64.  Seance  of  dectroly^  for  foor  mmntes  with  a  batterj  of  12 
dementsof  bisolphate  of  mercnrr  freshlr  charged.  Passage  of  boogies  Nosl  14 
and  16. 

"June  &  Second  seance  of  electrolysis  for  four  miiiDtc&  Passage  of 
boogie  No.  21.  Seen  foor  times  in  five  days;  same  condition  Jnne  I5thy  1866. 
The  core  has  remainerl  complete." 

•*  M.,  57  years  old  :  retire^l  soldier.  An  attack  of  gonorrhcea  at  25  years  ; 
difnoiltv  of  urination  for  8  vears. 

*'Aiii;ii>t,  1S64.  There  wa>  found  to  be  a  fibrous  stricture,  10  centimetres 
from  the  meatus.  The  stricture,  which  was  i  centimetre  in  length,  made  the 
passage  of  a  No.  6  bouijie  verj'  difficult. 

•*Septemljer  5.  Seances  of  electrolysis  for  15  minutes  with  a  battery  of  12 
small  elements  of  bisulphate  of  mercur)'.  Bougies  Nos.  15,  16,  and  17  passed 
immediately.  Very  light  hemorrhage.  Subsequent  dilatation  for  a  month 
with  bougies  anointed  with  belladonna.  The  patient  is  the  only  one  of  those 
on  whom  we  have  operated  who  has  been  submitted  to  subsequent  treatment. 
Seen  again  July  25,  1865.    Bougies  Nos.  18  and  20  passed  easily." 

**  D. ,  aged  39 ;  jeweller.  Two  attacks  of  gonorrhoea.  Difficulty  of  urinating 
for  8  years. 

**  Sept.  8,  1866.  Fibrous  stricture  was  diagnosticated  8  centimetres  from 
the  meatus.  Bougie  No.  6  is  introduced,  but  with  difficulty.  Frequent  de- 
sire to  urinate ;  urine  mucous ;  mild  cystitis. 
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"  Sept.  27,  1866.  Bougie  No.  8  can  be  introduced  ;  it  is  strongly  retained. 
Stance  of  electrolysis  of  seven  minutes.  Immediate  benefit  from  the  operation 
was  not  noted. 

"November  22.     Bougie  No.  22  passed  freely." 

"P.,  aged  22,  waiter  in  a  caf^.  Two  attacks  of  gonorrhoea.  Annular 
fibrous  stricture,  7  centimetres  from  the  meatus. 

"June,  1866.  Difficult  introduction  of  a  No.  6  bougie.  Treatment  for 
five  days  by  dilatation. 

"Attacked  with  two  relapses  of  retention  of  urine.  Entered  the  Hospital 
Lariboissiere,  where  he  submitted  each  time  to  some  seances  of  dilatation. 

"  Reappeared  at  the  Dispensary  December  15,  1866.  Bougie  No.  9  passed, 
but  is  retained.  We  see  him  no  more  until  February  25,  1867.  March  i, 
the  bougie  is  no  longer  retained.  Seance  of  electrolysis  for  10  minutes.  A 
bougie  No.  20  is  introduced  without  difficulty. 

"  March  22.  Returnson  account  of  an  attack  of  gonorrhoea.  An  injection  of 
subnitrate  of  bismuth  was  prescribed.  April  2,  the  gonorrhoea  has  disappeared. 
The  calibre  of  the  urethra  is  maintained.'* 

The  following  case  terminated  fatally.  In  regard  to  the  nature 
of  the  fever,  and  its  relation  to  the  treatment,  each  person  can 
decide  for  himself  from  the  history  : — 

"  D.,  aged  43  years ;  tailor.  Three  attacks  of  gonorrhoea,  one  of  which  had 
lasted  for  four  years.  Difficulty  of  urinating  more  and  more  marked.  During 
various  relapses  he  had  recourse  to  catheterism,  which  had  brought  on  an 
attack  of  fever,  and  made  it  necessary  to  resort  to  leeches,  cataplasms,  baths, 
and  various  diuretics. 

"November,  1863.  Constitution  shattered.  Urinary  jet  small,  intermittent, 
and  misshapen.  Urination  demands  violent  efforts.  Hard,  callous  stricture, 
8  centimetres  from  the  meatus,  arresting  bougie  No.  5.  A  search  of  a  quarter 
of  an  hour  is  necessary  to  find  the  orifice.  Only  after  half  an  hour  is  it  possible 
to  introduce  a  bougie  No.  3,  which  gives  to  the  hand  a  sensation  of  con- 
tact with  a  homy  surface.  Slight  flow  of  blood.  Access  of  fever  in  the 
evening, 

"  Three  days  afterward,  new  introduction  of  bougie  No.  3.  Access  of  fever 
in  the  evening. 

"  Four  days  later,  introduction  of  bougie  No.  4.     Mild  access  of  fever. 

"Feb.  3,  1864.     Introduction  of  bougie  No.  3. 

"  Feb.  7.  Urethrotomy  internal.  Division  of  the  strictured  part  required 
considerable  effort.     Quite  severe  fever  for  four  days. 

"  The  patient  left  Paris. 

'*  July  25,  he  returned,  complaining  of  a   very  sensible   diminution  of  the 
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•*  Marir.  27.  Tr.<t  pa::er.:  rj.^  hii  i^vere  fever  firoin  March  25d  until  yester- 
day. Thft  r-cmorrhai:*  »a.s  of  :.-n:>jnaace  onlv  for  two  hoars :  from  the  first 
injection  to  March  24fn  no  blood  appeared.  Elasdc  boogies  as  high  as  Xo. 
12  ca-vily  pr«rv*<d  through- 

"  March  29.  The  metallic  Ijougie  No.  17  was  introduced  with  great  ease, 
with  liUlo  j/ain,  an^^l  little  hemorrhage. 

"  Af/ril  3.  The  fAtient  urinate^l  well ;  has  no  hemorrhage,  and  is  generally 
wHI.  f '.-uit'TJ/ation  rqjcate^i  as  Ijcfore,  with  electrode  Xo.  16,  which  in  five 
wmutn  overcame  tho  stricture.  Xo  hemorrhage.  The  elastic  bougie  No.  20 
i-(  )»fl'^v*'l  tliroiif^h  v«:ry  easily,  without  pain  and  without  irritation.  Considera- 
bir  li^-morrhsijj*!.     fnjcrtiori  of  tannin. 

"  A|fril  15.  Tlir  button-shafHxl  V>ougie  No.  16  struck  upon  the  remains  of 

^  Uiitrrsuchungcn  etc.,  IM.  ii.,  4  Abth.,  p.  269  et  seq. 
f  I^M'.  cit.y  p.  271. 
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the  stricture.  ITie  metallic  bougie  No.  20  was  afterwards  squeezed  in,  not 
without  difficulty  and  some  pain.  Nevertheless  no  hemorrhage  followed.  The 
patient  was  directed  to  introduce  himself  the  elastic  bougie  No.  2a*' 

Another  still  more  satisfactory  case  was  the  following  : — 

"T.,  aged  36;  professor;  has  suffered  13  years  before  from  an  attack  of 
gonorrhoea.  From  that  time  there  has  been  a  constant  and  slightly  purulent 
discharge  from  the  urethra.  Six  years  previously  there  was  retention  of  the 
urine ;  this  was  relieved  by  the  introduction  of  bougies. 

**  August  14,  186S,  he  appeared  at  Marion  Hospital;  the  evening  before  he 
had  drunk  several  glasses  of  punch.  For  14  hours  he  was  unable  to  urinate. 
Three  physicians  had  already  attempted  to  pass  the  sound  without  succeeding 
in  getting  beyond  the  bulb;  as  a  result  violent  hemorrhage  had  appeared. 
Near  the  bulb,  on  the  anterior  wall,  a  false  passage  appeared.  A  strictiu-e  on 
the  bulb  was  finally  overcome  by  rotating  bougie  No.  3. 

"  During  the  manipulations  the  patient  passed  three  ounces  of  urine,  while 
the  bougie  remained  in  position.  At  3  o'clock  I  succeeded  in  introducing  the 
elastic  catheter  No.  6.     This  remained  in  position. 

"August  15,  I  removed  the  catheter  and  substituted  a  bougie  No.  6,  which 
was  allowed  to  remain  in  one  hour. 

"  Evening.  Urine  appears  in  small  drops.  The  elastic  catheter  No.  6  was 
again  introduced  and  allowed  to  remain. 

"  August  16.  The  catheter  was  removed,  and  cauterization  (electrolysis), 
with  ten  Mari^-Davy's  elements,  vras  employed  for  twenty  minutes,  filled  with 
a  weak  solution.  The  patient  exp>erienced  no  more  sensation  than  when 
the  simple  bougie  was  introduced.  A  tiu-bid  fluid,  without  blood,  was  dis> 
charged  from  the  canaL  The  elastic  bougie  No.  16  was  readily  passed  and 
was  not  held. 

"August  17.  Good  condition.  Urine  flows  in  strong  jets.  The  elastic  bou- 
gie No.  18  does  not  pass  )\i<t  fossa  navicular  is.  No.  17  causes  a  little  pain  in 
the  stricture.  No.  16  passes  with  great  ease.  I  saw  the  patient  a  week  later. 
He  succeeded  in  introducing  the  elastic  bougie  No.  17  with  ease,  and  he  was 
directed  to  continue  the  procedure." 

In  most  of  the  thirteen  cases  of  Brenner  *  the  pain  of  the 
operation  was  slight ;  in  three  cases  there  was  no  pain. 

Some  pain  was  felt  at  the  point  where  the  positive  sponge 
electrode  was  applied  to  the  thigh ;  but  this  could  be  at  once 
relieved  by  shifting  its  position  from  time  to  time.     The  stable 

*  Ix>c.  cit.,  p.  280  et  seq. 
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ai>ii)ii;;uioii    uf  the  galvanic  current   of  much  strength   always 

Huinorrliayu  easily  aiipeared  when  either  the  cathode  con- 
nuctL-d  ivith  tin:  lialitTv  or  a  simple  bougie  was  forced  through. 
Only  ill  ii\()  ca>i:;.  Has  there  hemorrhage  when  no  force  was  used. 
TUu  liuiiiorrluij,'!^  cuLikl  be  stoiipecl  by  astringent  injections. 

Filer  apiK-ari;..!  only  in  two  cases.  Febrile  symptoms  were 
probably  caiisoil  by  llic  presence  of  the  foreign  body  in  the 
urethra  iiiort.-  than  by  the  electrolytic  effect  of  the  current. 

Pain  in  uriiiiili.m  was  observed  in  three  cases  for  several 
days  afior  <auti.-ri/atiou.  In  one  of  these  cases  the  operation 
it&clf  «as  painless. 

/'iiiriiitl  ii/'.'irssi-s  appeared  in  two  cases.  These  were  probably 
causL-d  by  (he  treatment,  although  they  might  have  resulted  from 
simple  laihciori/.aiiiin  without  any  current.  Death  resulted  in 
one  <■a^c  that  was  suffering  from  previous  ure  thro -scrotal  fistula. 
Autopsy  slicnved  that  the  electrolytic  treatment  was  not  the  only 
c.ausL'  of  di;,ath,  though  it  might  have  hastened  it. 

sfASMODlC   STRiCTURE. 

nay  be  relieved  by  the  faradic  c 
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electrolysis.  Althaus  suggests  that  the  oesophageal  electrode  should 
be  applied  to  the  seat  of  the  stricture  and  connected  with  a  nega- 
tive pole,  while  the  positive  is  applied  to  the  neck  or  back.  From 
fifteen  to  thirty  cells  would  probably  be  required. 

HYDATIDS   OF   THE    LIVER. 

Durham  and  Forster  *  have  treated  eight  hydatid  tumors  of  the 
liver  with  success  by  electrolysis  at  Guy's  Hospital  and  the  Royal 
Infirmary  for  Children,  Waterloo  Road. 

**  In  one  pxatient,  who  was  under  the  care  of  Dr.  Hilton  Fagge,  and  who 
was  operated  upon  by  Mr.  Durham  in  June,  1868,  the  dulness  in  the  hepatic 
region  measured  seven  inches  vertically,  the  ribs  on  that  side  were  bulged,  and 
the  intercostal  spaces  prominent.  Two  needles  were  introduced  into  the  most 
prominent  part  of  the  swelling,  one  piercing  the  space  between  the  eighth  and 
ninth  costal  cartilages,  and  the  other  about  two  inches  behind  it,  between  the 
ninth  and  tenth  ribs.  The  needles  passed  in  to  a  depth  of  two  or  three  inches. 
One  of  them  was  evidently  free  in  the  fluid,  for  it  could  be  moved  about  and 
rubbed  against  the  other.  The  posterior  needle  doubtless  passed  through  the 
diaphragm,  as  it  was  jerked  about  by  the  respiratory  movements.  Both  needles 
were  connected  with  the  negative  pole  of  ten  cells  of  the  battery,  freshly 
charged.  The  positive  pole,  connected  with  a  moistened  conductor,  was  placed 
between  and  near  the  needles.  The  current  was  allowed  to  pass  for  twenty- 
five  minutes,  and  during  this  time  there  was  a  crackling  feeling  under  the  finger 
as  of  emphysema,  owing  to  the  development  of  hydrogen  from  the  liquid  of 
the  cyst.  After  the  op>eration  there  was  some  pain  for  four  or  five  hours.  In 
the  evening  the  temperature  was  100.9",  ^"^^  ^^^  patient  did  not  sleep  well  that 
night.  Next  day  the  temperature  was  99.6'',  and  on  the  morning  after  it  had 
risen  to  101.2.°  At  this  time  the  hypochondriacal  tumor  had  greatly  disap- 
peared, and  the  man  expressed  himself  as  feeling  quite  well.  On  examining 
the  right  side  of  the  chest,  however,  Dr.  Fagge  was  a  little  startled  at  finding 
absolute  dulness  behind,  up  to  the  fourth  or  fifth  dorsal  vertebra ;  and  over  this 
extent  of  thorax  there  was  less  vocal  vibration,  marked  tubular  respiration,  and 
segophonic  character  of  the  voice,  which  afforded  conclusive  evidence  of  a  large 
effusion  of  fluid.  There  was  very  slight  jwiin  about  the  points  where  the  punc- 
tures had  been  made,  but  no  piciuritic  pain.  The  man  lay  on  his  back,  and  was 
quite  comfortable.  The  liquid  had  evidently  been  squeezed  through  the  pimc- 
ture  in  the  diaphragm  into  the  pleural  cavity.  The  man  went  on  perfectly 
well,  and  the  chest  symptoms  disappeared  entirely.  Twenty  da)rs  after,  all 
traces  of  the  abdominal  tumor  had  disappeared." 

*  Althaus,  op.  cit.,  p.  645.     See  also  Med.  Times  &  Gaz.,  Nov.  19,  1870. 
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GOITRE    (bRONCHOCELE). 

Althaus  and  Mackenzie  have  experimented  with  the  electrolytic 
treatment  of  goitre  with  a  measure  of  success. 

Althaus  says,  as  the  result  of  his  experience,  "  I  believe  that  all 
cases  of  bronchocele,  however  large,  may  be  cured  by  electrolysis 
if  the  treatment  is  persevered  in  for  a  sufficient  time.  The  cystic 
variety  is,  of  course,  much  more  rapidly  curable  with  it  than  the 
solid."* 

Mackenzie  says  : — "  I  consider  chat  electrolysis  is  very  useful 
in  cases  of  moderate  duration — six  months  10  two  years — ^when  of 
yielding  consistence;"  and  he  reports  one  case  where  the  result 
was  complete : — 

The  disease  had  been  coming  on  two  years.  Both  lobes  were  affected,  each 
of  which  appeared  about  as  large  as  a  moderate-sized  orange.  The  neck  meas- 
ured eighteen  inches  round.  After  a  few  stances  of  electrolysis,  the  tumor  in 
the  course  of  a  month  was  so  reduced  that  the  neck  measured  but  fifteen  inches. 
Internal  medicine  and  the  external  application  of  tincture  of  iodine  had  been 
previously  tried  without  eflfect. 

DISEASKS    WHICH    ARE    TREATED    13V    GALVANO  CAUTERV.f 

REMOVAL    OF    TUMORS. 

A  case  which  did  much  to  popularize  galvano-cautery  was  one 
of  successful  removal  of  cancer  of  the  larynx,  by  Middeldorpf : — 

The  tumor  was  situated  "in  the  upper  lar}Tigeal  region,  above  the  superior 
thyro-arytenoid  cartilage."  Doubtful  prognosis  was  given,  since  the  ordi- 
nary operative  procedures  were  deemed  unadvisable.  After  three  unsuccessful 
trials  the  tumor  was  seized  by  the  loop  and  the  battery  closed.  A  few  turns  of 
the  wheel  completely  separated  the  tumor,  and  it  was  removed  by  the  finger. 
Neither  the  epiglottis  nor  the  larynx  was  injured. 

POLYPI. 

Polypi  in  various  situations  are  now  quite  frequently  removed 
by  the  galvano-cautery,  by  those  who  are  so  fortunate  as  to  have 
the  necessary  apparatus. 

♦  Op.  cit.,  p.  643,  ct  scq. 

f  The  leading  indications  for  the  use  of  galvano-cautery  are  given  on  p.  622. 


Cases  Treated  by  Galvano-Cautery,  651 

Brenner*  reports  the  successful  removal  of  a  naso-pharyngeal 
polypus  by  the  galvano-cautery. 

The  same  author  states,  galvano-cautery  can  be  efficiently  used 
in  the  treatment  of  htpus^  and  reports  in  detail  a  case  in  which  the 
patient,  after  the  operation,  had  remained  entirely  free  from  the 
disease,  f  Brenner  also  gives  full  details  of  a  successful  case  of 
amputation  of  a  diseased  tongue  in  a  patient  62  years  of  age,  by 
the  galvano-cautery.  J 

Recently  Adams  §  has  in  the  same  way  removed  an  epithelioma 
on  the  side  of  the  tongue  without  loss  of  blood. 

Dr.  Robert  I>ee  |  reports  a  case  of  scirrhous  tumor  of  the  right 
breast  that  had  reappeared  after  two  operations.  It  was  removed 
by  galvano-cautery,  and  after  six  months  there  had  been  no 
return. 

Dr.  J.  Solis  Cohen,  of  Philadelphia,  informs  us  that  he  is  in  the 
habit  of  using  the  galvano-cautery  for  the  removal  of  nasal,  pha- 
ryngeal, and  laryngeal  tumors,  and  with  excellent  success.  T  Prof. 
Tiirck,  of  Vienna,  has  used  the  galvano-cautery  for  the  removal 
of  tracheal  tumors.  Dr.  Jacoby,**  of  Breslau,  reports  four  cases 
of  auricular  neoplasms  treated  by  galvano-cautery. 

AMPUTATION  OF  THE  NECK  OF  THE  UTERUS. 

Drs.  J.  Kammerer  and  Guleke  f  f  report  the  following  successful 
amputations  of  the  neck  of  the  uterus  by  the  galvano-cautery  : — 

"Catherine  D ,  aged  43,  Gennan,  fourteen  years  married  ;  has  had  five 

children,  the  last  one  two  years  previous  to  operation ;  prolapsus  had  existed 

♦  Op.  cit.  Bd.  1 1,  p.  297. 
f  Loc.  cit.,  p.  299. 

X  Loc.  cit.,  p.  285. 

§  Lancet^  Oct.  29,   1870,  p.  602. 

I  Lancet^  April  2,  1870. 

7  Those  who  desire  to  specially  study  the  application  of  the  galvano-cautery  to 
diseases  of  the  larynx,  are  referred  to  the  monograph  of  Dr.  Rudolph  Voltolini, 
entitled,  Die  Anwendung  der  Galvano-Kaustik  im  Innem  des  Kehlkopfes  und 
Schlimdkopfes.     Wien,  1867. 

♦♦  Archiv  fiir  Ohrenheilkunde,  V.,  p.  i,  et  seq. 

ff  Thomas  on  Diseases  of  Women,  p.  518,  1869. 
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since  her  fourth  delivery  \  the  vagina  was  wholly  everted ;  there  was  consider- 
able c)'stocele  and  rectoccle ;  uterine  cavity  measured  over  five  inches ;  operated 
on  the  8th  of  April ;  on  the  i6th  was  allowed  to  walk  about ;  left  the  dispen- 
sary on  the  25th ;  examination  May  i8th  ;  uterine  cavity  measured  three  inch- 
es ;  uterus  in  normal  position  ;  cystocele  entirely  gone ;  anterior  wall  of  vagina 
tense  ;  posterior  wall  somewhat  relaxed  ;  slight  rectocde  still  existing." 

"Amelia  S  ,  aged  40,  German,  fifteen  years  married.  Has  had  four 
children  ;  the  last  one  two  years  previous  to  operation.  There  was  eversion 
of  the  vagina,  cystocele  and  rectocele;  uterine  cavity  measured  five  inches; 
operated  on  the  17th  May ;  four  weeks  after  the  op>eration  the  uterus  was  rc- 
troflexed ;  there  was  no  prolapsus  or  rectocele,  but  a  slight  cystocele  still 
remained." 


DISEASES    WHICH    ARE    TREATED    BY  A   VARIETY    OF    METHODS   OF 

USING   ELECTRICITY. 

Discussion  of  Tumors, — ^Tumors  may  be  discussed  by  all  forms 
of  electricity  in  all  the  methods  of  application  : — 

Galvanic  chains  or  belts. 

Faradization. 

Galvanization. 

Electrolyzation. 

Of  these  methods  the  last  is  decidedly  the  most  effective,  and  yet 
ven*  decided  results  in  the  discussion  of  tumors  have  been  obtain- 
ed bv  simple  external  faradization.  The  faradic  current,  on  ac- 
count of  its  greater  mechanical  effects,  appears,  on  the  whole,  to  be 
more  othciont  for  external  use  than  the  galvanic. 

B\  faradization. — lk)ulu  cured  two  and  improved  four  tumors 
by  the  appHcation  of  magneto-electricity.  He  appHed  metal- 
lic ph\tcs  to  the  tumor,  and  connected  them  with  moistened  con- 
ductors. 

Pui  honne  claims  to  have  dispelled  two  lymphatic  tumors  of  the 
nock  by  external  faradization. 

Wo  have  treated  a  few  non-malignant  tumors  of  various  kinds 
by  tanuli/ation.  The  results  are  sometimes  decided,  sometimes 
nogativo.  Usually  some  reduction  can  be  caused,  and,  in  some 
oasos.  tho  otVocts  begin  to  appear  after  a  single  application. 

l.tpx^ma  or  fatty  tumors  are  exceedingly  indisposed  to  yield  to 
frtrAdi7Ation.      Klrctrolvsis  would  be  more  effective  for  these  cases. 
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Meyer  ♦  reports  the  cure  of  a  glandular  swelling  on  the  side  of  the  neck  by 
the  use  of  the  galvanic  and  faradic  currents.  The  tumor  was  of  the  size  of  a 
hen's  egg,  and  had  been  growing  for  two  years.  Eight  applications  of  the 
galvanic  current,  directed  transversely  through  the  tumor,  did  little  good.  The 
effect  of  a  ten  minutes'  application  of  the  faradic  current  was  immediate,  and 
after  60  applications  the  tumor  was  reduced  to  the  size  of  a  peach-stone. 

The  same  writer  reports  a  remarkable  result  in  the  case  of  a  tumor  of  the 
size  of  a  child's  head,  and  of  great  hardness,  situated  between  the  head  and  the 
scapula.  An  operation  was  deemed  imadvisable,  and  the  faradic  current  was 
passed  through  the  tumor  by  means  of  brass  plates  covered  with  sponge  for  an 
hour  to  an  hour  and  a  half  at  a  time.  After  56  applications  the  tumor  was  re- 
duced one-half,  and  had  become  softer.  After  273  applications  the  tumor 
was  so  far  reduced  that  the  patient  could  turn  his  head  to  the  right  with  ease, 
which  before  had  been  impossible. 

The  chief  value  of  the  above  cases  is  to  show  the  possibility 
of  reducing  tumors  by  external  faradization  ;  it  is  not  probable 
that  the  method  will  ever  supersede  electrolyzation,  although  for 
those  cases  where  it  is  successful  it  presents  the  obvious  advan- 
tages that  it  is  not  painful,  and  that  it  leaves  no  unpleasant  after- 
effects, and  therefore  does  not,  like  electrolyzation,  compel  the 
patient  to  change  in  any  manner  his  mode  of  life  even  for  a  single 
day.  Those  who  experiment  with  this  method  would  do  well  to 
try  protracted  applications  for  several  hours  daily,  and  repeated 
several  times  a  week, 

Althaus  reports  the  following  cases  : — 

**  Case  of  fKEvtu  of  the  eyelid — Operation — Cure, 

**  In  July,  1866,  Mr.  White  Coop)er  requested  me  to  see  with  him  <i  lady  aged 
28,  who  had  a  congenital  mevus  of  the  right  lower  eyelid,  of  the  size  of  a  small 
pea,  which  it  was  thought  desirable  to  remove.  I  expressed  the  opinion  that 
this  might  be  safely  done  by  the  electrolytic  treatment,  without  hemorrhage, 
and  without  subsequent  inflammation,  suppuration,  or  sloughing ;  we  therefore 
met  on  the  23d  of  July,  in  order  to  p)erform  the  op)eration.  As  the  patient 
was  of  a  highly  sensitive  constitution,  chloroform  was  administered  by  Dr.  Al- 
lan, of  Hyde  Park  Terrace,  the  ordinary  medical  attendant  of  the  lady.  As 
soon  as  she  was  fairly  under  the  influence  of  it,  Mr.  White  Cooper  introduced 
a  needle  connected  with  the  negative  pole  of  ten  cells  of  the  battery  into  the 
right  half  of  the  tumor,  and  I  closed  the  circuit  by  placing  a  moistened  elec- 
trode connected  with  the  positive  pole  to  the  skin  of  the  neck.     The  current 

♦  Op.  cit.,  p.  481. 
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IV.1-.  tliL'ii  iillfiwe'l  In  ;ias-.f(irtwo  minutes,  after  which  the  needle  nas  »i I bdravm. 
Nril  admp  of  bluuil  iva>iu'.l.  titherun  introducing  ot  on  withdrawing  the  needle. 
The  pillL-nl  rccQveroii  well  from  the  chloroform,  nnti  said  that  she  felt  no  pain 
ill  llie  i»it  that  had  bddn  nperated  upon,  bat  merely  a  slight  siiffoess.  The  ligbt 
hilr  (if  the  tumor  ap|ienre'I  shninlL  uid  shrivelled  up.  while  the  les!i  half  had 
not  been  aliereil  in  any  way.  This  was  an  inlerestidg  circumstance,  as  it 
-.tmwed  that  even  in  so  imall  a  tumor  as  the  one  described,  the  action  of  Ibe 
current  could  U:  exactly  limited  to  that  portion  of  it  which  was  in  contact  with 
the  needle.  We  mel  ai;nin  on  July  z6,  when  the  ^me  operation  was  per- 
formed on  llie  other  half  of  the  tumor  ;  but  this  lime  the  patient  objected  to 
llie  u.>e  of  chlorufurm,  onr]  bore  the  trifling  pain  of  the  galvanism  excremdj 
well  ivithout  it," 

The  iiicvus  siiliseniiently  disappeared.     H  should  be  remarked 
that  ail  oculist  of  repiitarion  had  previously  declined  to  inteifere 


■'  Ci'e  i'/tapilhry  grmal/i  in  Ihe-arm-pit— Operation— Cure. 

"  A  lady,  agnl  27,  consulted  me  on  November  2i5t,  1866,  on  account  of  a 
Kmall  [laiiillary  and  highly  vascular  growth  which  hail  first  appeared  in  the  ri^t 
axiUn  ^ince  Ihc  comnten cement  of  1&65,  and  had  somewhat  rapidly  increasni  in 
siic  during  the  last  few  months.  It  was  one-third  of  an  inch  long,  and  one- 
fourlh  nfan  inch  wiiie  in  !!■>  widesl  part.      I  introduced  a  needle  connected  with 
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the  same  way  we  have  experimented,  though  not  with  as  positive 
success,  on  corns  and  bunions, 

John  Duncan  *  records  six  cases  of  naevus  successfully  treated 
by  galvano-puncture. 

FIBROUS   TUMORS. 

The  electrical  treatment  of  fibrous  tumors  is  worthy  of  investi- 
gation. The  fact  that,  in  fibrous  tumors  of  the  uterus,  absorption 
may  be  accomplished  by  systematic  pressure  and  the  use  of 
mineral  waters,  f  renders  it  probable  that  they  might  also  yield  to 
faradization  or  electrolyzation.  A  case  of  this  character  we 
have  already  under  observation.  Under  prolonged  faradization 
the  pains  have  been  markedly  relieved,  and  the  tumor  is  appar- 
ently softer. 

ERECTILE   TUMORS. 

Only  two  cases  of  treatment  of  erectile  tumors  by  electrolysis 
have  been  reported. 

A  large  vascular  tumor  was  destroyed  by  galvano-puncture  at 
Hospital  of  Gesu-Maria,  Italy.  The  particulars  of  this  operation 
we  have  not  obtained. 

Drs.  L.  F.  Sass  and  R.  P.  Lincoln,  of  this  city,  have  commu- 
nicated to  us  the  details  of  an  interesting  case  of  successful  treat- 
ment of  a  venous  erectile  tumor  of  the  neck  : — 

The  patient,  Genl.  K.,  aged  33,  of  nervous  temperament,  represented  that 
in  April,  1869,  after  a  sp>ecial  effort  in  public  speaking,  he  felt  a  pain  in  his 
neck,  on  the  left  side.  Six  weeks  later  a  small  tumor  appeared  in  the  locality 
of  the  pain,  which  in  a  few  months  increased  much  in  size.  It  was  subse- 
quently reduced  by  sulphur  baths,  cathartics,  tincture  of  iodine,  etc.,  but  re- 
turned, and  in  February,  1870,  was  again  reduced  by  the  same  treatment, 
which  left  him,  however,  exceedingly  weak.  July  4,  during  the  excitement  of 
a  public  reception,  the  tumor  again  appeared,  with  severe  pain,  loss  of  voice, 
and  feeling  of  suffocation,  so  that  death  appeared  imminent ;  and  again  it  was 
disp>elled  by  the  same  treatment.  On  account  of  the  frequency  of  these,  and 
the  exhaustion  that  followed  the  treatment,  the  patient  was  comp>elled  to  re- 
sign the  public  position  which  he  held,  and  return  home. 

When  he  came  under  the  observation  of  Drs.  Sass  and  Lincoln,  a  tumor  of 
the  size  of  a  large  goose's  egg  was  found  on  the  left  side  of  the  neck,  in  the 
antero-inferior  portion  of  the  region  defined  by  the  stemo-cleido-mastoid  and 
trapezius  muscles  and  the  clavicle.     The  trachea  was  parted  half  an  inch  to  the 

*  Edinburgh  Med,  Jour.^  March,  187a 
f  Thomas  on  Diseases  of  Women,  p.  421. 
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right  of  the  median  liiK.     The  tumor  was  roondedy  Bnooth,  and  readily  com- 
prcsable ;  but  after  comprcasioD  it  returned  to  its  natural  shape. 

An  attack  of  indigestion,  active  exercise,  or  mental  excitement  of  any  kind, 
wouki  cansc  the  tumor  to  inctease  sometimes  to  twice  its  usual  siae. 

Sept.  29*  1S70,  in  the  presence  of  Drsw  Hammond  and  Hackley,  tlie  patient 
was  anaesthetiaed  and  submitted  to  electrolytic  treatment.  Four  gilded  steel 
needles,  insulated  to  one-half  or  three-fourths  of  an  indi  from  their  points^  were 
introduced  into  the  four  quarters  of  the  tumor ;  the  two  upper  being  one  and 
one-fourth  inch  apart,  and  one  inch  above  the  lower,  which  were  one  inch 
apart.  The  two  inner  needles  were  connected  with  the  snbdivkled  anode^  and 
the  two  outer  with  the  subdivided  cathode.  At  first  ten,  then  fifteen  elements 
of  a  battery  similar  to  Stohrer's  were  emplc^ed.  The  strath  of  the  cnnent 
was  increased  gradually. 

At  the  expiration  of  fifteen  minutes  the  two  lower  needles  were  diaei^aged 
from  the  current,  thus  concentrating  the  whole  force  upon  the  two  upper ; 
at  the  expiration  of  fifteen  minutes  more  the  needles  were  removed. 

During  the  operation  all  the  prominence  of  the  tumor  disappeared,  and  a 
delicate  examination  detected  a  hard  mass  in  its  place ;  not  a  drop  of  blood 
escaped  on  the  removal  of  the  needles.  The  skin  over  the  tumor  presented  a 
bright  blush,  and  the  trachea  had  returned  to  its  proper  position.  The 
patient  kept  quiet  for  three  days,  using  a  cold-water  compressc  At  the  end  of 
that  time  the  soreness,  which  had  been  cunsiderable,  had  nearly  all  passed  away. 

At  the  latest  date,  October  24th,  the  patient  was  well,  and  *•  the  induration 
in  the  neck  was  steadily  diminishing  in  size.*' 

The  imiK)rtant  feature  in  the  above  case  was  the  immediate- 
ness  and  rapidity  of  the  result.  In  a  stance  of  half  an  hour  the 
tumor  disappeared,  leaving  only  an  indurated  mass. 

Judging  from  the  histor)'  of  the  case,  it  is  probable  that 
the  same  result  might  have  been  obtained  by  external  faradiza- 
tion a  number  of  times  repeated. 

MALIGNANT  TUMORS. 

Scirrhus  and  encephaloid  cancer  may  be  treated  electrically. 

Cancer  of  tfu  breast  in  a  lady  of  middie  life — General  debility — No  special 
treatment  of  the  tumor — Relief  of  pain  and  improvement  of  the  general 
health  under  general  and  localized  faradization. 

Case  158. — Mrs.  D ,  a  lady  of  middle  life,  consulted  us,  in  the  fall  of 

1867,  for  a  tumor  of  the  right  breast,  of  the  size  of  a  small  orange,  which  was 
evidently  of  a  malignant  character,  and  which,  for  a  number  of  months,  had 
caused  her  much  pain  and  imeasiness.     The  patient  was  gradually  becoming 
feeble,  was  much  alarmed,  and  before  consulting  -us  had  not  the   courage  to 
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obtain  any  opinion  of  the  nature  of  the  tumor.  The  patient  was  referred  to 
Prof.  W.  H.  Van  Buren,  who  decided  that  the  tumor  was  malignant,  and 
thought  that  an  operation  was  hardly  advisable.  For  the  purpose  of  relieving 
her  pain,  and  improving  the  tone  of  the  system,  the  patient  received  a  short 
course  of  treatment  by  general  faradization,  and  with  decided  though  not  remark- 
able results.  The  'pain  was  somewhat  relieved,  and  there  was  improvement  in 
appetite,  sleep,  and  muscular  strength.  No  special  attention  was  given  to  the 
tumor.     Of  the  issue  of  the  case  we  have  not  been  informed. 

Supposed   Cancer  of  the  right  breast,  of  six  months*  standing — Size  of  an 
egg — Intense  pain — Tumor  dissipated  by  five  faradizations. 

Case  159. — Mrs.  A ,  of  Chicago,  fell  under  our  observation  September  4, 

1866.  Since  the  ist  of  March  there  had  been  a  tumor  on  the  right  breast,  that 
had  gradually  increased  in  size.  The  tumor  was  of  the  size  of  a  hen's  egg,  and 
was  hard  to  the  touch.  At  times  she  had  suffered  from  intense  lancinating  pain. 
A  number  of  medical  men  in  the  West  had  seen  the  tumor,  had  pronounced  it 
to  be  a  cancer,  and  had  advised  its  removal  by  the  knife.  The  distress  of  the 
patient  after  she  learned  the  true  nature  of  her  disease  was  very  great. 

As  an  experiment  purely,  and  in  the  hope  only  of  being  able  to  relieve  tem- 
porarily the  pain,  we  tried  faradization  of  the  tiunor.  After  the  second  applica- 
tion there  was  a  manifest  diminution  in  size,  and  the  pain  was  notably 
diminished.  After  the  fifth  application,  September  14,  both  the  tumor  and 
the  pain  had  entirely  disappeared.  The  patient  left  the  city  overjoyed  with 
the  result.     Since  that  time  we  have  heard  nothing  from  her. 

Althaus,*  who  has  studied  this  subject  for  several  years,  states 
that  the  electrolytic  treatment  is  useful  in  scirrhus  and  encephaloid 
cancer,  but  that  the  former  variety  requires  a  powerful  current 
and  considerable  time  to  accomplish  a  reduction.  He  states 
furthermore  that  **  the  peculiar  lancinating  pains  of  cancer 
generally  seem  to  disappear,  or  at  least  to  diminish  considerably, 
soon  after  the  commencement  of  the  electrolytic  treatment,  and 
long  before  the  whole  tumor  is  destroyed."  Gherini  has  accom- 
plished about  the  same  as  Althaus. 

Dr.  W.  Nef^elf  reports  a  case  of  malignant  tumor  of  the  mammary  re- 
gion of  the  left  side  that  was  treated  by  electrolysis.  Twice  the  tumor  had 
been  extirpated  by  Dr.  Sims,  but  had  reappeared,  and  when  the  electrolytic 
treatment  was  proposed  it  was  of  the  size  of  an  orange.  The  tumor  which 
was  taken  out  in  the  second  operation  had  been  examined  by  the  microscope, 
and  found  to  be  carcinoma. 

♦  On  Tumors  and  other  Surgical  Diseases.     1867.     pp.  22,  23. 
f  Medical  Record^  Sept.  i,  1869. 
28* 
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April  27th,  and  May  4th  and  7th,  the  operation  of  electrolysis  was  perfbnned 
with  the  serrcs  fines  conductor  of  AlthauSy  connected  with  Siemen's- 
Halske's  dements.  The  first  operation  was  made  with  10  elements;,  and 
lasted  two  minutes ;  the  second  with  20  elements,  and  lasted  five  minutes ;  the 
third  with  30  elements,  and  lasted  ten  minutes. 

After  the  operation  the  tumor  was  softer,  but  increased  in  size.  No  febrile 
symptoms  apppeared.  In  one  month  the  tumor  was  smaller  and  softer ;  in  two 
months  it  had  almost,  and  in  ten  weeks  quite  disappeared.  The  general  con- 
dition of  the  patient  also  improved. 

One  year  and  a  half  after  the  treatment,  Dr.  Neftel*  reported 
that  the  patient  continued  well,  and  stated  that  he  had  similarly 
treated  eleven  other  malignant  tumors,  mostly  scirrhous,  and  with 
successful  results,  and  that  in  no  case  had  the  tumors  returned. 
Manfredini  has  entirely  removed  a  cancer  of  the  lower  part  of  the 
thigh.  Von  Bruns  states  that  he  has  never  succeeded  in  remov- 
ing, or  even  in  greatly  reducing,  a  cancerous  tumor  by  electroly- 
sis, and  that  absorption  does  not  occiu-. 

Dr.  A.  Jacobif  states  that  he  has  treated  cases  of  scirrhus 
by  electrolysis,  and  has  seen  the  tumors  decrease  in  size  under 
the  treatment.  He  states  furthermore  that  he  has  seen  sup- 
puration and  sloughing  result  from  the  treatment. 

For  the  purpose  oi  QlncXroXyzmg  malignant  tumors  of  the  uterus^ 
we  have  devised  a  bifurcated  needle,  connected  with  a  handle 
similar  to  that  of  the  intra-uterine  electrode, 

Farado-Electrolyzation, — The  distinct  and  obvious  advantages 
that  both  faradization  and  electrolyzation  present  for  the  treatment 
of  tumors,  suggested  to  us  the  idea  of  using  them  simultaneously. 
The  faradic  current  may  be  applied  to  the  tumor  externally  by 
means  of  moist  sponges,  while  the  galvanic  current  may  be 
allowed  to  operate  internally  by  means  of  needles  connected 
with  the  negative  pole.  In  this  combined  treatment  the  tumor 
is  submitted  to  a  threefold  action — the  electrolytic  processes  of 
the  galvanic  current,  the  mechanical  action  of  the  faradic  current, 
and  also  the  local  aniesthesia  of  the  faradic  current,  which  some- 
what diminishes  the  pain  of  the  electroly/ation. 

*  Medical  Record^  Oct.  i,  1870,  p.  355. 
f  Medical  Record,  Oct.  15,  1870.  p.  363. 
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The  following  case  was  treated  partly  by  this  method,  which,  so 
far  as  we  know,  we  were  the  first  to  use. 

Scirrhus  of  left  breast^  of  three  months^  standings  treated  by  electrolyzatton 

and  farado-electrolyzation. 

Case  i6a — Mr.  F.,  aged  — ,  a  patient  of  the  surgical  department,  De- 
milt  Dispensary,  was  sent  to  us  by  Dr.  Stephen  Rogers,  Nov.  21,  1770,  with  a 
tumor  of  the  left  breast,  which  he  pronounced  to  be  of  an  unmistakably  malig- 
nant character.  The  tumor  was  hard  and  presented  distinct  nodules.  There 
was  retraction  of  the  nipple,  some  involvement  of  the  axillary  glands,  and  pain 
of  considerable  severity. 

Nov.  21.  — The  patient  was  treated  by  electrolysis,  two  needles  connected  with 
the  negative  pole  of  Stohrer*s  battery,  gradually  increased  up  to  twenty  cells, 
being  applied  in  the  hardest  point  of  the  tumor,  about  one  inch  from  the  nipple 
and  one  half  inch  from  each  other,  and  the  positive  pole  being  applied  by  a 
moistened  sponge  electrode  on  the  surface  near  by.  The  operation  lasted  three 
minutes.  Although  local  anaesthesia  by  ether  spray  was  used  before  and  during 
the  operation,  considerable  pain  was  experienced.  At  the  conclusion  of  the 
electrolytic  treatment  the  tumor  was  faradized  for  ten  minutes  by  a  current 
gradually  increased  up  to  a  point  when  it  could  be  comfortably  borne.  At  the 
conclusion  of  both  treatments,  the  tumor  was  apparently  softer  than  before. 

Nov.  28. — The  patient  was  thoroughly  etherized  and  treated  simultaneously 
by  electrolyzation  and  idiT^VLaXion—farado'e/ectrolyzation.  The  operation 
lasted  twelve  minutes,  thirty  cells  of  Stohrer's  battery  being  used  and  a  strong 
faradic  current.  Three  needles  were  inserted.  The  needles,  which,  on 
account  of  the  hardness  of  the  tumor,  were  at  first  introduced  with  some  diffi- 
culty, soon  became  so  loosened  by  the  electrolytic  action  that  they  slipped  out 
unless  care  was  taken  to  keep  them  in. 

At  the  places  where  the  needles  (which  were  not  insulated)  were  inserted, 
superficial  inflantmation  appeared,  and  from  the  nodules  around  the  nipple 
some  sloughing  took  place  during  the  week  following  the  operation.  Poultices 
were  applied  and  the  patient  kept  quiet.  The  treatment  was  resumed  after  ten 
days,  only  faradization  being  employed  Dec.  20.  The  tumor  is  softer,  and 
apparently  smaller,  and  the  pains  have  decidedly  diminished. 

The  facts  variously  accumulated  and  now  accumulating  on  this 
subject  seem  to  justify  these  conclusions  : — 

I.  Malignant  tumors,  scirrhous  and  encephaloid,  at  least  in 
certain  stages  and  in  a  proportion  of  cases,  may  be  discussed  both 
by  external  faradization  and  electrolyzation  with  strong  galvanic 
currents,  probably  also  by  external  galvanization.  Of  these 
methods  faradization  is  the  more  convenient,  and  is  but  little  if 
at  all  painful,  but  in  many  cases  of  scirrhus  it  would  probably 
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tiil.  Elcctrohxation  is  die  more  rapid  and  effective^  but  it  re- 
quires locil  or  geoeral  anaesthesia,  and  may  cause  suppuration. 
The  nro  mediods  nuv  be  used  simultaneously. 

2.  Boch  of  these  mediods  may  have  a  decided  effect  in  relieving 
the  piin.  e\-en  vhen  they  do  not  succeed  in  entirely  destroying 
the  tumor. 

5.  Patients  afflicted  with  malignant  tumors,  as  widi  many  odier 
serious  diseases,  would  probably  be  susceptible  of  improvement  in 
their  general  condition  under  general  faradizaticHi,  even  when  no 
attention  is  given  to  the  local  disonler. 

\.  The  great  and  important  question,  whether  die  tumors  re- 
turn as  speedily  as  after  removal  with  the  knife,  or  whether  they 
return  at  alL  or  what  proportion  of  cases  will  be  successful,  and 
in  how  ad^'anced  stages  the  treatment  may  be  used  without 
causing  inflammation  and  suppuration,  and  to  what  extent  the 
occurrence  of  suppuration  will  interfere  with  the  treatment,  can 
only  be  answered  by  a  large  number  of  cases  carefully  treated  by 
various  methods,  and  closely  i*"aiched  for  several  years. 

ULCERS. 

The  earliest  attempts  to  treat  ulcers  by  electricitj*  were  made 
by  Cnissel.  in  1S47. 

The  same  treatment  has  been  used  in  syphilitic  ulcers  by  Kyber 
of  Cronsiadt,  Rosenberger  of  St.  Petersburg,  and  in  the  majority 
of  their  reported  cases  with  success. 

Spencer  Wells  has  also  used  galvanism  Vvith  success  in  the 
treatment  of  ulcers.  He  employed  zinc  and  copper  or  silver 
plates  connected  with  a  wire. 

Ulcers  may  be  treated  'vith  both  currents  by  means  of  metallic 
disks  or  plates  covered  with  soft  sponge.  Galvanization  serves 
to  cure  in  such  cases  partly  by  its  electrolytic  effects.  One  elec- 
trode may  be  applied  to  the  ulcer,  and  the  other  to  the  nearest 
large  nerie-branch  or  plexus,  or  to  the  sympathetic  or  spinal  cor  J, 
The  applications  should  not  be  excessively  painful.  In  some  cases 
decided  results  may  follow  a  single  application  of  electricity  to  an 
ulcerated  surface.  In  the  case  of  an  ulcer  of  the  leg  of  a  girl  8 
years  of  age,  one  faradization  with  a  current  of  moderate  strength 
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ao  improved  the  nutrition  of  the  parts  that  healing  at  once 
commenced,  and  in  a  short  time  entire  recovery  took  place 
without  any  further  treatment.  Ulcers  may  also  be  cauter- 
ized by  the  galvano-cautery.  Ruschenberger  has  successfully 
faradised  bed  sores. 

In  the  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is 
a  convenience  to  have  one  electrode  kept  in  a  fixed  position  without 
the  aid  of  the  physician  or  of  an  assistant.  For  this  purpose  we 
have  devised  a  series  of  adjustable  electrodes,  provided  with  a 
rubber  belt  which  can  be  passed  around  the  limbs  or  body,  one 
of  which  is  represented  in  the  cut.  They  may  be  of  various 
sizes,  and,  like  other  electrodes,' may  be  covered  with  sponge, 
linen,  flannel,  or  chamois.  The  smaller  sizes  are  for  the  arms 
and  legs,  and  back  of  neck ;  the  larger  for  the  back  and  coccyx, 
and  may  be  used  in  general  electrization  instead  of  the  sheet  of 
copper  at  the  feet     (See  p.  192.) 


Kic  93- — Adjustable  Electrode. 


Nunn*  reports  successes  with  the  galvanic  current  in  ulcers, 
and  in  the  treatment  of  sinuses  he  had  obtained  good  results 
with  a  current  from  Pulverniacher's  chain. 
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Fistulous  ulcers  of  tlu  hip  and  thigh,  existing  two  years — Localized  fara- 
dization causes  the  ulcers  to  heal  from  the  bottom — Recovery  in  three 
months. 

Case  i6i.— J.  V.,  a  German,  aged  35,  stated  that  m  March,  1864,  he  fell 
upon  his  hip.  and  received  a  severe  contusion  that  caused  much  pain,  and  re- 
sult etl  in  a  complete  loss  of  the  power  of  locomotion  for  over  a  year.     In  Oc- 
tober, 1866,  he  fell  under  our  observation.     He  was  then  suffering  from  three 
fistulous  ulcers  on  the  thigh  and  hip,  through  either  of  which  a  probe  could  be 
passed  to  the  bone.     These  sinuses,  which  had  existed  for  two  years,  had  on 
several  occasions  apparently  disappeared,  but  in  a  few  weeks  the  discharge  in- 
variably reappeared,  rendering  it  evident  that  the  cavity  had  not  healed  from  the 
l)ottom.     Applications  of  the  faradic  current  were  administered  some  three 
times  a  week  to  the  surrounding  parts  and  to  the  whole  length  of  the  sinusefw 
No  especial  result  was  observable  during  the  first  six  weeks,  but  soon  after  the 
ulcers  evidently  began  to  heal  from  the  bottom,  and  at  the  close  of  the  third 
month  of  treatment  the  cure  was  complete.     So  late  as  October,  1869,  the 
patient  had  suffered  no  relapse. 

Stttmps  after  amputation  that  are  slow  to  heal  have  been  suc- 
cessfully treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Geo.  K. 
Smith  and  by  Dr.  Snivcly,  of  Brooklyn. 

H/KMATOCELE. 

Ha^matocele  of  the  pelvis  or  pudenda,  or  of  other  portions  of 
the  body,  may  be  treated  electrolytically  or  by  faradization. 

(JANGRENE. 

(}angrene  may  be  treated  electrically  in  various  ways,  but 
esj^ecially  by  electrolysis  and  galvano-cauter)-. 

CARHUNCr.ES    AND    FURUNXLES. 

Carbuncles  and  furuncles  might  be  treated  by  electrolyzation. 
Dr.  Sass  informs  us  that  a  number  of  years  since  he  used  this 
treatment  in  two  instances  with  good  effect. 

BL'RNS. 

Burns  in  a  subacute  stage  might  not  unlikely  be  heli)ed  toward 
recovery  by  faradization  or  galvanization. 
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FROST-BITE    (CHILBLAINS). 

We  are  not  aware  that  any  attempts  have  been  made  to  treat 
chilblains  by  electricity.  It  certainly  would  not  be  irrational  to 
try  the  power  of  galvanization  in  this  disease. 

SEROUS    EFFUSIONS. 
SYNOVITIS. 

In  effusions  of  an  acute  and  very  sensitive  character  electricity 
is  usually  not  indicated,  but  in  the  subacute  and  chronic  forms  it 
is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each 
case. 

The  treatment  of  those  cases  that  depend  on  rheumatism, 
or  hysteria,  should  be  constitutional  as  well  as  local.  In  some 
cases  general  faradization,  with  special  attention  to  the  affected 
joint,  is  sufficient ;  in  others  the  general  treatment  is  sensibly 
aided  by  galvanization  or  faradization  of  the  joint. 

Whether  the  galvanic  or  faradic  current  is  to  be  preferred 
for  local  applications  can  only  be  determined  by  the  results 
of  trial.  Our  custom  is  to  begin  with  the  faradic  current,  and 
to  use  it  so  long  as  benefit  results,  and  then  to  change  to  the  gal- 
vanic. It  should  be  borne  in  mind  that  the  greater  chemical 
effects  of  the  galvanic  current  are  in  these  cases  frequently  more 
than  counterbalanced  by  the  powerful  mechanical  action  of  the 
faradic.     Stable  increasing  currents  are  to  be  preferred. 

This  is  one  of  the  conditions  in  which  localized  galvano-fara- 
dization  may  be  tried.  But  whichever  current  is  used,  the  applica- 
tion should  usually  be  short — from  one  to  five  minutes.  The 
electrical  treatment  of  effiisions  of  the  joints  is  much  aided  by 
using  the  hand  as  an  electrode,  with  gentle  but  firm  manipulation. 
There  is  no  question  that  under  the  influence  of  "rubbing" 
have  been  wrought  many  important  cures  in  these  affections. 

Electrolyzation  has  been  successfully  employed  in  effusions.  It 
may  be  resorted  to  in  all  obstinate  cases. 

Synovitis  may  be  relieved  or  cured  by  faradization  or  galvani- 
zation. 
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Syiioi-itis  iif  thi  kitu,  .onifliealtJ  uiltA  kemigUgta'^-Jiftavrry  matter  /»»■ 
i/icatian. 

Case  162.— Mr.  Geo.  I...  ngedjs.  sloloilhiil  aboulihf  Ht  of  July.  iS66.  he 
was  sunstruck  1  and  belween  the  lolh  of  :lie  some  moDlh  and  [he  IJlhaf  Ai^u% 
be  suffered  from  three  strokes  of  iKmiplej-ia,  resiUiing  finallj'  in  total  hlladao*. 
HLs  sight  graduuity  retutn«l.  but  by  degrees  hU  jjiaiililia'*  tjefunv  1mi«  tnl 
stiff,  so  tha.t  be  could  wilh  difficully  use  llient  This  stale  of  itiuigs  coolitinn) 
nnlil  about  the  middle  o(  September,  when  both  knec^  and  onkics  i.'diii- 
menced  to  enlarge.  In  November,  when  tlie  pulicnt  «ijplied  10  us  for  lii»t. 
luent,  we  found  him  'iutferiiig  from  uvetc  subacute  iiynavillk.  Botli  kncn 
were  enunnously  swollen,  the  fluid  having  nccunvulatod  lu  such  as  cxtoit  thai 
the  patellx  projected  furward  more  than  on  IniJt.  Fouf  ApplicUions  of  (be 
far&dic  current  were  given,  one  evdry  day,  but  wilh  no  niaikeil  cHecI,  enrpc 
that  the  lameness  of  the  shoulders  and  aokks  was  much  reliered. 

He  then  left  the  city  and  was  absent  one  week.  On  his  return  the  improTc- 
ment  was  found  to  be  very  great.  The  acciunnlaiian  of  Suid  !□  ilie  knn*  had 
almost  entirely  disappeared,  and  the  swelling  wits  reduced  in  pr<>pi)rli(ni.  At 
first,  the  very  strongest  current  from  Kidder's  apparatus  made  no  impKaom, 
when  applied  dnvm  the  spine.  The  l^s  were  but  btlle  senalivc  to  the  etectric 
stream,  and  the  feel  and  toea,  wUch  are  genenlly  very  readily  tlTected,  w«re 
remarkably  torpid.  The  applications  were  continued  on  Det.  3d.  4th,  jth,  1 
7tb,  and  9th,  effectually  removing  this  waul  of  sensation,  and  coiniilelely  JUt'  i 
aipating  the  remaining  swelling  and  tendemesi  of  the  kneev 
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in  the   treatment   of   effusions   in   the   pleural  cavity,  and   for 

ascites. 

Protracted  faradization  would  probably  cause  slow  absoption  in 

such  cases. 

Prof.  Wm.  H.  Thompson  informs  us  that  he  has  successfully 

treated  a  number  of  cases  of  pleuritic  effusions  by  faradization. 

ORCHITIS. 

The  electric  treatment  of  orchitis  has  been  particularly  studied 
by  Drs.  Jules  Ch6ron  and  Moreau-Wolf.* 

They  give  the  results  of  the  treatment  in  nine  successful  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from 
ten  to  twenty-four  cells  of  Remak,  through  the  tumor,  from  two 
to  eight  minutes.  Sometimes  the  positive  pole  was  placed  on  the 
most  painful  point  of  the  swelling,  and  the  negative  on  the  sper- 
matic cord.  The  authors  regard  the  ascending  current  (up  the 
cord)  more  effective  than  the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  ap- 
plications. 

The  great  advantage  which  the  authors  claim  for  this  method 
of  treatment  in  orchitis  is,  that  the  patient  is  not  obliged  to  sus- 
pend his  daily  duties,  since  absolute  repose  is  not  necessary. 

The  following  cases  are  condensed  from  the  work  of  Charon 
and  Moreau-Wolf : — 

On  the  28th  of  January,  1869,  Dubois,  aged  29,  mason,  came  to  our  dis- 
pensary to  consult  for  a  blennorrhagia  which  had  been  followed  by  a  very 
painful  attack  of  epididymitis.  There  was  abundant  effusion  and  consid- 
erable swelling  of  the  cord.  The  first  application  caused  a  manifest  diminution 
of  the  pain  and  the  swelling  of  the  testicles,  of  the  epididymis,  and  of  the  cord. 

January  29th.  A  second  application  caused  diminution  of  the  effusion  and 
also  of  the  other  symptoms.  The  patient  returned  30th,  31st,  and  on  the  ist, 
2d,  3d,  and  4th  of  February,  at  which  time  the  swelling  was  almost  entirely 
reduced,  and  the  pain  and  effusion  no  longer  existed. 

Seguin,  a  turner,  aged  22  years,  had  suffered  from  a  blennorrhagia  of  medium 
intensity,  which  had  been  followed  by  an  orchitis  for  24  hours.  Seven  appli- 
cations accomplished  a  cure,  from  which  there  was  no  relapse. 

*  Du  Traitement  de  TOrchite,  par  Tapplication  des  courants  continus  con- 
stants, Paris,  1869. 
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On  the  loth  of  January,  1869,  a  porter,  25  years  old,  presented  himself  at  the 
dispensary  with  acute  blennorrhagia  of  medium  intensity,  for  which  orxiinary 
treatment  by  opium,  copaiva,  etc.,  was  used.  Jan.  iS,  acute  orchitis  ap- 
peared, with  the  usual  symptoms,  inflammation  of  the  sheath,  effusion  and 
swelling.  The  testicle  was  as  large  as  a  fist,  hard,  shining,  red,  and  excessively 
painful  to  touch.  The  cord  shared  in  the  inflammation.  The  pain  was  so 
great  that  the  patient  could  not  walk.  The  ascending  current  of  twenty-five 
elements  was  applied,  the  positive  pole  on  a  level  with  the  epididyrnis,  the 
negative  on  the  cord  above  the  inguinal  ring. 

After  an  application  of  ten  minutes,  the  pain  had  almost  completely  disap- 
peared, the  tumor  was  less  hard,  and  almost  insensible  to  touch  and  light  pres- 
sure. 

The  patient  continued  his  laborious  occupation,  and  received  sevm  applica- 
tions. The  last  application  was  on  the  25th  of  the  month.  The  testicle  at 
that  time  was  in  its  normal  condition.  No  auxiliary  treatment  was  used  ex- 
cept four  lukewarm  baths. 

Chronic  orchitis  of  six  months'  standing  in  a  syphilitic  patient — Approxt' 
matt  recovery  under  external  galvanization  atui  faradization. 

Case  163. — Mr.  W.,  aged  28,  consulted  us  Oct.  — ,  1870,  for  an  enlarge- 
ment of  the  left  testicle  that  had  troubled  him  for  six  months.  It  was  about 
twice  the  size  of  the  rij^^ht  testicle.  There  was  no  pain,  but  a  constant  sense  of 
weight.  The  patient  was  suffering  from  secondary  syphilis,  and  had,  in  times 
past,  repeateilly  experienced  attacks  of  gonorrhoea.  Stable  galvanization  with 
a  current  that  was  comfortably  borne  was  employed  for  ten  minutes,  the  posi- 
tive pole  being  applied  over  the  testicle  at  different  points,  and  the  negative  pole 
over  the  s])erniatic  cord.  The  patient  stated  that  the  testicle  felt  less  disagree- 
able. In  two  days  there  was  an  apparent  diminution  in  size.  Three  more 
similar  applications  and  one  faradization  produced  an  almost  complete 
recovery. 

ENLARGEMENT   OF   THE    PROSTATE. 

The  electrical  treatment  of  hypertrophy  of  the  prostate  has 
been  studied  by  Tripier,*  who  has  demonstrated  that  the  effect  of 
faradization  of  this  organ  when  enlarged  is  to  cause  resolution. 
The  rationale  of  the  treatment  is  substantially  the  same  as  for 
analogous  conditions  of  the  uterus.  The  subject  is  one  that  de- 
serves investigation.  P^ither  the  galvanic  or  the  faradic  current 
may  be  employed.     One  pole  may  be  applied  internally  by  means 

*  Manuel  d'filectrothdrapie,  p.  567. 
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of  an  insulated  catheter  electrode  or  sound,  and  the  other  in  the 
rectum  against  the  prostate,  by  means  of  a  rectal  electrode. 

Tripier  records  a  case  of  a  patient,  44  years  of  age,  who  suffered  from  reten- 
tion of  urine,  caused  by  enlargement  of  the  prostate,  that  had  resulted  from  an 
attack  of  gonorrhoea  and  the  cauterization  that  had  been  used  for  it.  Hyper- 
trophy of  the  right  lobe  was  established  by  examination  with  the  sound,  and  of 
the  left  toward  the  summit.  The  size  of  the  gland  in  various  directions  was 
accurately  measured.  Tripier  was  called  36  hours  after  the  retention  ap- 
peared. From  Sept.  9  to  December  3,  thirty  applications  to  the  prostate 
were  given  with  the  faradic  current  for  ten  minutes  at  a  time.  This  was  found 
to  be  too  long,  and  the  applications  were  reduced  to  three  to  five  minutes. 
Between  Dec.  3  and  March  12,  forty  sittings  were  given.  The  size  of  the 
gland  in  various  directions  was  much  reduced.  The  cure  was  complete  and 
was  permanent. 

SPRAINS    (strains). 

Sprains  of  joints  of  all  kinds  may  be  treated  by  electrization  ; 
faradization  and  galvanization  of  the  affected  part  with  a  mild, 
stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — 
and  almost  uniformly,  thus  far,  with  beneficial  or  curative  re- 
sults. 

We  have  not  been  able  to  decide  which  current  is  preferable. 

Sprains  in  the  acute  stage  or  just  passing  into  the  subacute  stage 
should  be  treated  by  very  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  han*d  of  the 
operator  gently  passed  over  the  painful  part. 

We  have  treated  a  number  of  cases  of  sprains  of  the  wrist  in 
patients  who  are  engaged  in  manual  employments.  In  such  con- 
ditions the  localized  application  of  the  faradic  current  alone  rapid- 
ly brings  on  the  recovery. 

Strains  of  muscles  with  rupture  of  fibres^  so  far  as  our  limited 
observation  goes,  do  not  yield  to  electrical  treatment.  In  the  few 
cases  where  we  have  perseveringly  used  faradization  and  galvani- 
zation we  have  not  been  able  to  see  that  the  slow  improvement 
was  in  any  degree  hastened. 

Lameness  and  swelling  caused  by  a  sprain — Relieved  by  local  faradization. 
Cask  164. — The  power  of  the  faradic  current  to  allay  irritation  and  relieve 
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lameness,  in  case&of  sprains  or  iiijiiii»s  nu>  wdl  lUiulralB)  in  ihe 
B.,  (lircclod  to  lu  by  Di.  Kissam.      Her  foot  was  heavily  pccssil  upon  b^  llK 
locker  of  a  dmii,  and  cauMd  such  ecchyinotU,  paiD.  ntelling,  anil  latncnsi^ 
for  two  months  she  was  unable  to  walk  more  than  froni  \iia  bouse  to  bo 
riagc.     The  farad  Jc  current,  applied  over  and  aroimdlhc  foot  a  uumbcr  <:>r  I  u 
relieved  most  decidedly  the  swelling  and  lameness,  uul  enablel  ifap  pa.iicat,  it 
a  few  weeks,  to  exercise  in  walking  without  serious  difEcully. 


SPONDYLITIS   (POri'S    DISEASK). 

Spondylitis  is  a  term  thai  is  applied  lo  inflamiiiabuns  of  tbc 
vertebra;.  Among  its  symptoms  arc  at  first  changes  in  shaiu-  of 
the  spinal  column,  obstinate  gasiralgia,  or  neuralgic  pains  in  tire 
breast  and  various  parts  of  the  body,  and  subsequently  jirojcGtion 
of  the  diseased  vertebras,  defonnity  of  the  spine,  peculiar  aititudt 
and  paralysis,*  sensitiveness  of  certain  veriebite,  and  spontancoof' 
pains  in  the  spine.f 

The  form  in  which  it  appears  is  in  the  lower  cervical  and  upper 
dorsal  vertebra,  with  the  symptoms  of  neuralgia  in  the  arm,  or 
neck,  or  lower  hnibs.  Some  cases  of  torticollis,  and  even  of  cho- 
rea, may  depend  on  disease  of  the  vertebra.     Other  syinptoiDl 
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SPINAL    CURVATURE. 

Lateral  curvature  of  the  spine,  depending  on  relaxation  of  the 
muscles  and  ligaments,  and  associated  with  general  debility,  is  a 
condition  for  which  general  and  localized  faradization  and  galva- 
nization of  the  sympathetic  are  well  indicated,  and  in  which  they 
have  wrought  most  important  results.  General  faradization  alone 
is  pretty  sure  to  be  of  service,  both  in  raising  the  tone  of  the  sys- 
tem and  in  permanently  relieving  the  curvature.  The  electrical 
treatment  may  be  used  in  connection  with  mechanical  appli- 
ances. 

PSEUDO-ARTHROSIS. 

Burman  obtained  a  good  result  from  electrical  treatment  of  a 
transverse  portion  of  the  tibia  and  fibula.  After  the  lapse  of  a 
month  the  bones  had  not  united.  A  bandage  was  applied  and  a 
current  (whether  faradic  or  galvanic  is  not  stated)  was  applied  for 
half  an  hour  by  two  needles.  Suppuration  followed,  callus  was 
formed,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  in  a  fracture  of  the  thigh 
by  the  same  treatment.  The  operation  was  repeated  daily  for  two 
weeks. 

Hahn  also  reports  a  successful  result  from  electro-puncture  in  a 
case  of  fracture  of  the  thigh.  He  used  at  first  magneto-electricity, 
and  subsequently  the  galvanic  current.  No  improvement  followed 
the  use  of  magneto-electricity,  while  the  galvanic  current  brought 
on  inflammation  in  six  days.  The  inflammation  thus  excited  pro- 
duced a  union  of  the  fracture  in  ten  days. 

It  is  altogether  probable  that  successful  results  might  be  ob- 
tained in  pseudo-arthrosis  by  external  galvanization  or  faradization 
with  strong  currents. 

HERNIA. 

Delaux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  The  tumor  dis- 
appeared after  a  few  applications.  The  first  application  was  di- 
rected to  the  hernia,  and  in  the  other  applications  one  pole  was 
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applied  to  the  hernia  and  the  other  in  the  rccimn.      itcforc  riecoi 
ca\  treatment  was  tried  the  patient  was  growing  worse.      Far 
zation  might  give  tone  to  the  weakened  iniisdes  :n  reducible  her 
and  for  this  purpose  we  have  einpluyetl  Jt  in  a  siogic  insiaace  ;  0 
the  results  we  have  nol  been  infomied. 


It  would  not  be  unreasonable  to  suppose  that  gODorrhce 
its  subacute  stage  might  be  treated  by  electri/aiion  w  ith  at  least 
as  satisfactory  results  as  subacute  inflanmiaiions  of  the  mucois 
membrane. 

We  have  had  opportunity  to  test  faradisation  in  two  cases  of 
gonorrhosa  ivhile  tlie  ijiflamiuaiion  was  in  quite  acute  stages. 
CenorrJiaa —  Temporary  iiiertatt  of  teertlien  undtr  fartuUtatloit- 

Casb  165. — A  gcnllemim  Tcquetlcd  us  Id  try  ou  him  clccirival  irrxtmeat  ft 
Ki  attack  ofgDnorrhcea  thiil  he  hnri  recently  eiinlru^tiid.     We  r<>nii 
so  witli  the  uDderstanding  that  th*  Irwitmital  ^uulrl  br  cijnsiilcred  M  dtjieriFl 
mental,  Inasmuch  as  we  h«d  treAted  but  one  cai*  of  gonotrhica  by  electricily. 

We  employed  local  external  (aradltallon  throu£;h  the  peni»,  without  n 
to  the  (tireclioD  of  the  current.     Aflcr  fiiuf  applications  he  teprescnlod  that  liftfl 
was  cured,      fn  Ihii,  a-S  in  the  other  casr,  there  «15  some  lemimrarv  maeaat  T 
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MORBUS    COXARIUS    (DISEASE    OF   THE    HIP-JOINT). 

This  condition  might  be  treated  electrically,  with  a  twofold  ob- 
ject of  hastening  the  recovery  of  the  local  lesion  and  improving 
the  general  condition.  The  methods  of  treatment  that  would 
seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
with  general  faradization.  This  treatment  might  be  used  in  con- 
nection with  the  ordinary  method  by  extension. 

TOOTHACHE    (ODONTALGIA). 

The  pathological  conditions  that  give  rise  to  toothache  are  so 
various,  and  the  anatomical  difficulties  in  the  way  of  direct  locali- 
zation of  the  current  in  the  affected  nerve  are  so  great,  that  uni- 
form results  from  electrical  treatment  cannot  be  expected. 

The  familiar  cause  of  toothache  is  exposure  to  cold.  Although 
the  nerves  connected  with  decayed  teeth  are  more  liable  to  be 
affected  after  such  exposure,  yet  the  nerves  of  any  or  of  all  the 
teeth,  even  when  they  are  perfectly  sound,  may  also  become 
hyperaesthetic  and  cause  exceeding  distress,  either  from  exposure 
to  cold,  or  from  anaemia  or  nervous  exhaustion. 

Among  the  specific  pathological  conditions  that  give  rise  to 
toothache  are,  odonitis^  periodonitis,  alveolar  abscess,  simple  irrita- 
tion produced  by  the  presence  of  the  diseased  tooth,  rheumatism, 
reflex  action,  and  probably  also  ancemia,  neurasthenia,  and  various 
blood  poisons. 

Those  toothaches  which  arise  Irom  rheumatism,*  ancemia,  neuras- 
thenia, and  blood  poisons  may  be  treated  electrically  on  the  same 
principle  as  similar  symptoms  in  other  parts  of  the  body. 

The  applications  may  be  external  or  internal,  either  with  the 
faradic  or  galvanic  currents.  Externally  a  moistened  sponge 
electrode  connected  with  the  positive  pole  may  be  applied  for  a 
few  minutes  over  the  seat  of  the  pain,  while  the  other  is  held 
in  the  hand  of  the  patient.  The  electric  moxa  might  also  be 
tried. 

*  Frommhold  gives  an  interesting  chapter  on  Odontalgia  Rfieumatica, 
See  his  Electrotherapie  mit  besonderer  Riicksicht  auf  Nervcn-Krankheiten, 
1865,  p.  404. 
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The  application  may  be  made  iotemally  by  means  of  a  sniall 
insulated  electrode,  with  a  metallic  extremity.  ('ITie  nasal  ot 
laryngeal  electrode  will  serve  the  (nirpose.) 

In  botli  the  external  and  internal  applications  it  ts  well  to  begin 
witl)  a  mild  current,  and  giadually  increase  it  up  to  the  point 
where  the  patient  can  conveniently  bear  it. 


HEMORRHOIDS   (pIl.ES). 

Hemorrhoids  in  all  dieir  stages  have  been  submitted  lo  eleciii- 
cal  treatmenl.     In  the  milder  stages   they    may  be    treated   like  _ 
prolapsus  atii,  with  the  rectal  electrode  {see  p.  484),      A  vcr 
Strong  current  will  usually  be  borne   in    the  rectum  without  d 
comfort.     Hemorrhoids  may  also  be  treated  by  electrolysis,  < 
they  may  be  removed  by  the  galvano-caulery. 


cLi'B-Foor  (talipes). 

In  club-foot  it  is  not  unfrequenlly  an  advantage   to   combin 
faradization  or  galvanization  of  the  partially  paralyzed   miisrie 

wirh  ibp  ii«p  (if  mp<-hanii-nl  nnnTlanrp<i. 
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man  calculus  in  water,  submitted  it  to  the  action  of  a  voltaic  pile 
of  120  elements  for  twelve  hours.  Platinum  wires  were  placed 
against  the  calculus,  on  opposite  sides.  Fine  powder  soon  ap- 
peared. At  the  end  of  the  operation  the  calculus  was  found  to 
have  lost  12  grains  in  weight,  the  original  weight  having  been  92 
grains.  It  was  again  submitted  to  the  current  for  16  hours,  at  the 
end  of  which  time  it  was  reduced  to  very  small  fragments  that 
could  have  easily  passed  the  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  the 
bladder  of  a  living  bitch,  into  which  warm  water  had  been  injected. 
The  application,  which  lasted  an  hour,  was  repeated  1 2  times  dur- 
ing six  days.  The  calculus  had  become  so  friable  that  the  opera- 
tion was  not  repeated.  Examination  of  the  bitch  after  death 
showed  evidence  that  the  bladder  had  been  injured  by  the  opera- 
tion. 

In  1835,  Bonnet  proved  that  by  applying  platinum  electrodes  to 
the  opposite  sides  of  a  calculus  in  a  solution  of  nitrate  of  potash, 
electro-chemical  decomposition  ensued,  by  which  nitric  acid  ap- 
peared at  one  electrode  and  potash  at  the  other.  The  effect  of 
these  two  substances  was  to  dissolve  the  calculus.  Stones  com- 
posed of  phosphate  will  be  dissolved  on  the  acid,  and  those  com- 
posed of  uric  acid  or  urate  of  ammonia  on  the  alkaline  side. 
Under  this  action  the  stone,  unless  very  hard,  becomes  friable 
and  falls  to  pieces.  These  experiments  were  confirmed  by  Bence 
Jones,  who  also  found  that  calculi  of  oxalate  lime  could  be 
slowly  dissolved  in  the  same  way.  Neither  of  these  experiment- 
ers attempted  the  dissolution  of  calculi  in  the  human  bladder. 

ELECTRIC  EXPLORER  OR  PROBE. 

This  apparatus  (Fig.  94)  indicates  at  once  the  presence  of 
metallic  bodies  in  gunshot  wounds. 

Fig.  I  represents  its  natural  size.  Fig.  2  shows  one  of  the 
exploring  sounds.  There  are  generally  two  sounds,  one  stiff,  the 
other  flexible. 

The  trembler  or  needle    is  so  arranged  as  to  resist  all  shocks 

and  fulfil  the  following  conditions  : — 
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■en-  portalile,  and  in  all  possible   i>osirions  can  be 
c  vcsl  iwcket,  or  in  the  ordinary  surgical  case. 
iMiinot  lie  (Itranged. 

3-  Three  senses  take  part  in  making 
the  exploration— the  hearing,  the  touch, 
and  the  sight 

4-  Itindicateswithcertaintythepres- 
ence  of  a  ball  by  the  moveiuent  of  the 
trembler,  an  effect  which  is  only  pro- 
duced when  the  circuit  is  closed  by  a  me. 
tit/lie  hi/y.  Experience  has  showii  that 
the  contact  of  organic  tissues,  evenwidi 
a  batter>oft  5  elements  (and  probably 
with  even  a  greater  number),  will  not 
put  the  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same 
time  the  depth  at  which  the  ball  is  situ- 
;itod.  and  in  some  cases  also  the  flexible 
Miinnl  prescrvL's  the  form  of  the  canal 
iliioii-li  which  it  passes. 

1  111'  lutitTv  is  in  a  case  made  of  hard 

riiMvr.      This  holds  the  elements,  zinc 

.uhI  cirbon,  which  till  only  half       The 

i  I         I'lluT  h,ill  is  occupied  by  the  e.xciting 

^^^     lu|ui,i.  .1  solmion  of  sulphate  of  mercur>-, 

f^     \^  i!'-"  llH-  CISC  is  ^e^■ersed,  or  in  a  hori- 

^^/       .-.■iiMl  ihi^iiiim.  the  liquid  flows  on  to 

clouii'iii  .mil  a  current  arises  ;  when 

iMsi-  i^  in  a  1  ertica)  iwsiiioii  the  nic- 

.iii-  lu'i  unuhed  by  the  liquid,  and 


of  wuiuis  »■ 
.ic^ripik, 
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IV  lie  covered  by  a 
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EXTRACTION   OF   FOREIGN    BODIES    BV  THE    ELECTRO-MAGNET. 

Dr.  Delore  *  has  suggested  tlie  electro-magnet  as  a  means  of 
extracting  foreign  bodies  from  the  eye,  urethra,  auditory  canal, 
etc.  He  states  that  the  magnet  has  been  used  for  the  purpose  of 
extracting  pieces  of  iron  and  steel  from  the  eye  since  the  days  of 
Fabrice  de  Hilden.  Delore* s  attention  was  called  to  the  subject 
by  an  attempt  which  he  made  to  extract  a  piece  of  a  pin  from 
the  external  auditory  canal.  A  slender  magnet  was  prepared  by 
M.  Fasse,  which  could  be  bent  at  will,  but  it  was  found  to  be  not 
sufficiently  powerful.  Then  M.  Fasse  suggested  the  idea  of  using 
the  electro-magnet  for  this  purpose.  With  this  view  he  con- 
structed a  small  electro-magnet,  composed  of  a  stem  of  iron, 
with  a  bulbous  extremity,  and  covered  with  several  windings  of  in- 
sulated copper  wire. 

The  force  that  is  obtained  is  in  proportion  to  the  strength  of 
the  current  used  to  magnetize  the  iron,  the  number  of  spirals,  and 
the  diameter  of  the  magnet 

In  order  to  ascertain  how  much  power  was  necessary  to  extract 
needles  from  the  body,  a  number  ©f  experiments  were  made. 

"  A  needle  embedded  in  the  horny  substance  of  the  hand  to  the 
depth  of  three  millimetres  requires  for  its  extraction  a  traction  of 
89  grammes." 

"  Embedded  sixteen  milli.  deep  in  the  heel  of  a  cadaver  requires 
400  grs." 

"  Embedded  four  centimetres  deep  in  the  calf  of  the  leg  it  re- 
quires 400  grs." 

"  If  it  has  perforated  the  cornea  it  must  have  a  traction  of  39 
grs." 

or  pus,  is  not  sufficient  to  establish  a  current,  but  if  the  ends  come  in  con- 
tact  with  a  metallic  body,  the  needle  of  the  galvanometer  will  rise,  this  being 
a  proof  that  the  circuit .  is  complete.  Only  one  couple,  however,  should  be 
used,  so  as  to  avoid  the  decomposition  of  the  fluids  in  the  wound,  which  would 
immediately  give  rise  to  a  current." — {Am,  your.  Med.  Sciencey  vol.  xlv., 
1863,  p.  2 1 8.)  During  the  recent  Franco-Prussian  war  an  **  Electric  Bullet^ 
seeker y"*  that  strikes  a  little  bell  when  metallic  connection  is  made,  has  been 
successfully  used. 

*  Translated  from  Lyon  MediccUe,  in  N.  Y,  Medical  Gazeltey  Aug.  20,  1870. 
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The  advanuge  claimed  for  ihis  method  of   extracting  fore 

the  suffacc  of 
thaii  forceps 


meiaUic  bodies  is  that  "  it  produces  r 

the  tissues,"  and  also  is  less  liable  to  injure  then 

or  probes. 


OF     POISONOUS 


METl^^H 


ected  witb 

or  j^^^H 
1   isolat^^^^ 


Id  iSs5  Vefpies  and  Poey,  of  Havana,  leported  to  the  French 
Academy  a  inethod  of  removing  poisonous  metals  from  the  body 
bv  means  of  the  galvanic  current  Vergnts,  while  practising  elec- 
tio-plating  in  1851.  had  brought  on  obstinate  ulceration  on  his 
hands.  He  placed  his  hands  in  an  electric  bath,  connected  with 
the  ixjsiti\'e  pole.  In  15  minutes  a  metallic  plate 
with  the  negative  pole  in  the  bath  was  covered  with  gold  or 
ver  from  the  ulcer.     A  few  such  treatments  cured  the  ulcers. 

An  electro-chemical  bath  is  taken  as  follows  :  An  isolat 
metallic  lub  is  placed  on  an  isolated  bench.  The  tub  is  filled 
with  water,  acidulated  with  nitric  acid  of  niercurj-,  gold  or  sil- 
ver, and  sulphuric  acid  if  lead  is  in  the  patient  The  patient  is 
placed  in  the  bath,  and  the  tub  is  connected  with  the  negative 
pole,  while  the  patient  takes  the  positive  pole,  part  of  the  tiiae 
in  the  right  and  part  of  the  time  in  the  left  hand.  The  current 
now  enters  the  arms,  passes  through  the  body  to  the  tub.  The 
metal  that  is  extracted  from  the  body  is  found  on  the  sides  of  the 
tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  room 
from  evaporation. 

These  experiments  were  continued  by  Caplin  and 
Meding  extracted  mercury  from  a  patient  in  this  way.  Vergnte. 
employs  electro-chemical  baths  also  for  introducing  medical  sub- 
stances into  the  body.  The  patient  sits  in  the  bath  containing 
the  solution,  and  in  the  position  described,  and  absorbs  the  sub- 
stance while  the  current  Is  passing,  .\mong  the  remedies  thai 
Vergn^s  employs  for  the  purpose  are  phosphate  of  iron  and  nitric 
acid.  There  is  little  iiucstion  that  the  passage  of  the  current 
through  the  body,  immersed  In  certain  medicated  solutions,  aids  iq 
the  absorption  of  some  portion  of  the  compound  This  can 
demonstrated  by  placing  a  solutioti  of  atropine — one  grain  to 


■  room^^ 
ergnte^H 


Electro- AiuTsthesia — Hydro-Ehcirizal'wn. 


ounce  of  water— on  the  stomach  and  applying  the  galvanic, 
or  even  the  faradic  current.  The  pupil  will  sometimes  become 
dilated. 

ELECTRO-AN*:STHESIA. 

The  benumbing  effects  of  the  faradic  electric  current  on  the 
nerves  may  be  utilized  for  the  production  of  local  anaesthesia. 
{?iee  Electro-Physiology,  p,  60.)  If  is  only  indicated  for  slight 
or  at  least  short  operations,  such  as  the  opening  of  abscesses, 
felons,  buboes,  the  extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  faradic  current  should  be 
directed  ihrough  the  parts  as  the  incision  is  made.  The  re- 
lief thus  afforded  is  slight,  but  is  positive,  and  is    not  unworthy 

Electro -an  Ksthesi  a  has  been  chiefly  used  in  the  extraction  of 
teelh,  where  it  is  certainly  of  some  service.  The  patient  places  his 
foot  in  a  metallic  slipper,  or  on  a  plate,  or  holds  an  electrode  in  the 
hand,  while  the  circuit  is  completed  as  soon  as  the  forceps  of  the 
dentist,  which  is  connected  with  the  battery,  seizes  the  tooth.  It 
is  well  to  connect  the  forceps  with  the  negative  pole,  because  it 
is  the  stronger. 

The  painful  contractions  produced  by  the  passage  are  certainly 
disagreeable,  for  a  current  of  considerable  strength  is  required, 
but  the  pain  of  the  extraction  is  less  severely  felt  than  it  would  be 
when  made  unaccompanied  by  the  current. 

This  method  of  producing  local  ana;sthesia  was  at  one  time 
somewhat  popular  among  dentists,  but  partly  on  account  of  the 
fact  that  it  is  at  best  an  imperfect  method  of  preventing  the  pain 
of  the  operation,  partly  on  account  of  the  mechanical  difficulties 
in  the  way  of  its  en)ployment,  and  partly,  also,  on  account  of  the 
popularization  of  nitrous  oxyde,  it  has  fallen  into  disuse. 

Electro- anesthesia  may  be  utilized  for  the  relief  of  the  irrita- 
tion caused  by  the  application  of  caustics  to  the  larynx,  eye,  or 

HVnRO-ELF.CTRIZATlON. 

We  have  recently  devised  a  method  of  applying  electricity  by 
means  of  a  continuous  stream  or  jet  of  water  flowing  from  a  me- 
tallic tube — or  one  thai  has  a  inelallic  orifice — connected  with  one 
pole,  while  the  body  of  the  paiient  is  in  any  convenient  way  con- 


677        ^1 
anic,  ^1 


I 

* 


Electro-Medication,    '  679 

better  than  cold,  and  is  therefore  preferable,  except  for  those  cases 
where  the  tonic  effects  of  cold  are  indicated.  The  conducting 
power  of  the  water  is  also  increased  by  the  addition  of  common 
salt,  and  various  medicinal  substances  which  are  ordinarily  used 
for  the  treatment  of  the  conditions  for  which  hydro-electrization 
is  indicated,  and  may  therefore  be  properly  combined  with  it. 
The  results  of  our  various  experiments  with  this  method  will  in 
time  be  made  public. 

ELECTRO-MEDICATION. 

Long  ago  it  was  contended  by  Fabr^-Palaprat,  Orioli,  and 
Vergnes  (see  p.  676)  that  medical  substances  could  be  introduced 
into  the  body  by  means  of  the  galvanic  current,  but  by  Remak, 
Rosenthal,  Tripier,  and  others  their  statements  have  been  dis- 
credited. From  our  experiments  (see  p.  676)  it  would  seem  that 
atropine  might  be  introduced  into  the  system  by  means  of  the 
faradic  current  in  sufficient  quantities  to  slightly  affect  the  pupil. 

Recently  Beer,  of  Vienna,  and  Von  Bruns*  have  succeeded  in 
introducing  iodine  into  the  dead  and  living  subject,  by  means  of 
the  electrolysis  of  iodide  of  potassium.  For  this  purpose  they 
have  used  a  glass  tube,  containing  a  solution  of  iodide  of  potas- 
sium (i  to  I,  or  I  to  2),  tightly  corked  at  one  end,  and  at  the 
other  covered  with  cloth  or  a  piece  of  bladder,  and  connected 
through  the  cork  with  the  negative  pole  of  the  galvanic  current 
by  a  piece  of  platinum.  The  positive  electrode  may  be  of  a 
similar  construction,  or  an  ordinary  sponge  electrode. 

If  by  this  arrangement  an  application  be  made  through  the  face 
— an  electrode  being  placed  on  each  cheek — for  a  few  minutes, 
traces  of  iodine  can  be  detected  in  the  saliva.  A  good  test  for 
iodine  is  disulphide  of  carbon,  which  will  detect  one  part  in 
1,000,000  parts  of  water,  by  the  purple-red  color  which  it  produces. 
Another  test  is  glycerine,  which,  mingled  with  iodine  and  electro- 
lyzed,  gives  a  dark  blue  or  black  line.  The  electrolytic  introduc- 
tion of  iodine  has  been  used  in  glandular  swellings  (as  goitre), 
effusions  in  the  joints,  periostitis,  and  with  asserted  success,  after 
simple  galvanization  has  failed. 

♦  Die  Galvano-Chirurgie  oder  die  Galvanokauslik  und  Elektrolysis  bei 
chirurgischen    Krankheiten.     Tiibingen,  1870,  p.  133,  et  sfi/. 


GLOSSARY. 


Explanation  of  the  terms  used  in  Electro-Therapeutics,  including 
also  many  of  the  terms  of  Electro-Physics  and  Electro-Physiology. 

With  the  progress  of  the  study  of  Electricity  in  its  relations  to  Physics, 
Physiology,  Practical  Medicine,  and  Surgery,  there  has  arisen  a  new  and  exten- 
sive terminology. 

The  terms  used,  especially  in  Electro-Therapeutics  and  Electro- Physiology, 
have  been  introduced  by  different  observers,  in  various  countries,  and  in  differ- 
ent languages,  and  are  all  necessarily  based  on  an  incomplete  knowledge  of  the 
mysterious  force  whose  phenomena  and  manifold  relations  they  aim  to  describe. 
It  was  inevitable  that  a  nomenclature  devised  under  such  circumstances  should 
be  more  or  less  inaccurate  and  confused.  This  inaccuracy  and  confusion  has 
been  still  further  increased  by  the  carelessness  of  writers,  who  have  misunder- 
stood and  misapplied  these  terms,  and  greatly  perverted  them  from  their  origi- 
nal  meaning.  It  would  be  difficult  to  find  any  two  authors  who  entirely  agree 
in  their  use  of  terms,  even  of  those  which  are  most  frequent  and  most  import- 
ant ;  and  readers  who  are  not  thoroughly  familiar  with  all  branches  of  the  sub- 
ject in  the  various  languages,  and  with  the  incorrect  as  well  as  the  correct 
phraseology,  will  be  more  or  less  bewildered. 

It  is  believed,  therefore,  that  a  list  of  the  words  and  phrases  employed  by 
writers  on  Electricity,  which  should  present  their  original  and  derived  meanings 
in  their  various  combinations,  with  their  correct  and  incorrect  synonyms, 
would  be  of  service  not  only  to  those  who  consult  this  volume,  but  to  all  who 
occupy  themselves  with  the  department  of  Electro-Therapeutics. 

The  need  for  such  a  list  is  rendered  the  more  imperative  from  the  feet  that 
many  of  the  terms  it  includes  cannot  be  found  in  the  most  recent  dictionaries. 

The  terms  which  we  have  introduced,  or  to  which  we  have  given  a  new 
combination  or  attached  a  peculiar  signification,  are  designated  by  a  star  (*). 
The  figures  refer  to  the  pages  in  the  present  work  where  the  terms  to  which 
they  refer  arc  explained. 
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Amalgamation  .    To  compound  mercury  (quicksilver)  with  another  metal.     In  Electro-Plij- 

sics.  the  term  is  usually  applied  to  the  covering  of  the  zinc  plates  with  mercury,  by  first 

liouring  over  them  an  add  solution  and  then  dipping  them  in  mercury,  or  pouring  it  over 

them. 
Anelkctkotonos.    The  phase  oK  dimmisked  irritability  which  appears  at  the  positive  pole 

when  a  nerve  is  in  the  electrutonic  condition  (p.  53). 
Animal  Elkctkicity  (p.  46) . 
Anions.      In  electrolysis  the  electro-positive  substances  that  go  to  the  cathode  (Faraday) 

(p.  625). 
Anodr  .«r«,  up«*ard,  and  &6^,  way) .     Where  the  current  enters,  called  also  positive  or  cpffer 

fol*  (Faraday). 
Antozonk  (p.  607). 
Ari'AKATLS.     A  contrivance  or  combination  for  a  certain  purpose  ;  often  used  synonymously 

with  mnckint  or  lottery.      Stricdy,  however,  apparatus  is  applied  cmly  to  the  more 

simple  contrivances,  amd  machine  to  the  more  complex. 
Arm  ATI  RES.     I(ars  or  kteprrs^  which,  when  placed  in  contact  with  the  pole  of  a  magnet,  pre- 
serve its  magnetism. 
AscsNuiNG.     From  periphery  toward  the  centre,  applied  especially  to  the  nervous  system. 
ATMosrHERic  Klkctricity  (p.  93). 
Battkrv,  Electric  (or  galvanic).    A  series  of  I.«yden  jars,  or  (more  frequendy)  elements, 

connected  together.    The  term  is  applied,  however,  to  a  singU  element,  and  inomiecdy 

also  to  a  machine  or  apparatus. 
Battkrv  Ci'rrknt  (see  Galvanic  current). 
BorNO  Ei  JtcTRiarv'.     Electricity  in  the  Leyden  jar  (p.  x8). 
Catalytic.     Pertaining  to  catalysis. 
Ca  1  Ai  N  Ms    Kara.  awA  Auo-t?,  fn)m  Av««»,  to  di'^rngaj'e).    The  absorption,  and  the  accompanpng 

tran-fcrcnix-  of  liquids  ciused  by  the  chemical  action  of  the  galvanic  current  (Rcmak-. 

.*^triitly  ^.ijcakinfj,   the  condition  ««f  extreme  p<>lariz,ition. 
Catki.»\  IK. 'los.'s.    The  phavc  «>f  increasfd  />r//'r«/^////>' which  appears  at  the  negative  pole 

when  .1  nerve  is  in  the  cUvtrotonic  amdition  (p.  53). 
Cath.m>k   rat-oJc>   «aTa,  downward,  and  060?,  way".    Where  the  current  passes  out ;  called 

.\1?k'>  ttt-tj,ifnr  ot  zinc  fioie   'p.  625). 
C^T^^^<.     In  electrolysi>»,  the  elcctn>-negative  substances   that  go  to  the  anode  (Faraday) 

V   ^-y  • 
{."y.  :    *tY  clomcnt' . 

(.^1  N ;  K  M   Ki  vi  iKi.- \Ti<ts. *     Kkvtrir.^tion  of  the  brain,  spinal  cord,  and  sy^mpathetic. 
C'hkmIv  m   (iM\  \\i>  t'AiiKKY.     (.*^cc  Klcctfolysis,  .ind  p.  643,) 
C'MKN'V«>'i<.«^rK    \NP  (."HK<^N\H,R\rH  »xpbi*o«,  time,  and  acoirer*',  to  obscr\'e).     Instruments  for 

nuMMiring  .ind  reo>rding  the  veK»city  of  the  ner\ous  force,  electricity,  etc.  (p.  90). 
CiKv  I  K  <  t  M  \  vMO    p.  ro'. 

I.'ion;nv;  (.\»ntk\».  iioNs.     Contractions  produced  at  the  closing  of  the  circuit. 
«,%>»  K\  n  i\f  l-oKv  K    p.  ^  . 
I.\mi   Ispt  <-  HON.     Rc»!U  of  wire  in  which  the  current  is  induced  by  the  alternate  opening  and 

closin>:  »»f  the  oirvniit,  a«i  Ruhmkt^rff's  coil    sec  Induction) . 
l.\.MMi  \  V'.<»K       An  .irr.in>:emcnt  for  reversini;  the  current    Ferguson). 
^.'oM^fsoK      .An  apjviratus  fvT  OMuicnsing  a  large  quantity   of  electricity  on  a  small  sur- 

f.uv 
*.  OMv  V  M\..  ^VlK^'i.     Ilic  u ires  th.it   anuluct  the  electricit>- from   the   machine  to  the  elec- 

tr\v'.o>  .p    140*. 
I'.^MM  V  TIM  1  \    v»r  t>nuhictiHlity'.    That  property  by  which  a  body  conducts  electricity. 
l\>Mv  V  1  .^K       Ih.u  whioh  aMuluots  electricity.     .'s.>metiines  used  for  rUctrodf. 
I.\»ss'.  \\i  i;KKi^\r.      I^hc  »:.»b.»nH-  oirrent  fh»m  elements  with  two  liquids.     The  constant 

Kuteius  th.it  .m-  Ivst  known  are  \\\:^^  of  n.inicll.  Gro\-c.  and  Hunscn  (p.  a6).     Applied 

.»K.^  t.>  the  c.i/rw^i.  .nr*fmt  in  irenerAl.  and  usctl  synonymously  with  toMtinwt^s.      It  is 
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slamty  or  ptiv&HK.  Sn-icily,  it  should  be  Hpplied  to  the  unmEcrnipKd  gqlvanic  t 
ftincc  the  &ndic  oorRnt  i»  olwAyi  mlemiptcd  (vc  Galvnnk  cttrrentlr 

toKTiMuotPi  EuicTiiUATlos.*  This  tirm  might  ■ppropriatcljr  br  applied  w  llw  pro 
Bpplicatiaai  nude  b)>  Kilnnic  diiki.  Iidu.  chains,  poulllca,  Sc,  wam  an  Ihc  bof 

■nuTKACTiLtrY,  EtBcrBQ-Mii5ciiu».  Th«i  propmyorniiiiclMihatrap«Mthnn  too 
when  4CRd  upon  by  the  elerlric  cuTTcnr-  It  is  to  be  diitingui^hed  fmm  inilabiLily, 
il  indodcB.  EJecuv-muKuiBr  irntubiliiy  mny  exi&f  bi  nrunclci  thai  Have  whnUy  to 
detlm-iniucular  contraclibiKly.    (Sec  Irrittbaity.) 

OITB.  Puts  (MPoritive  pole). 

'UKKKKT.  ELBCTfffC,  The  CDntinuDua  diichar^  Hnd  elecljidty  thai  reKiillfnim  rhcmica] 

4Pdl,  [br  example,  as  takn  place  itt  any  ordinary  eitmrnt- 
rsBENT  fsCRKA^lER.*     A  Contrivance  for   iocreadng   thi:    strength   q\  the   current  n 
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Elicthec:  PaiNf  »■  *  Pouiifc  on  ihe  body  when,  fur 
lioilariy  effoctivi  (p,  ijn) ;  ■  more  gmcml  term 
Mol«  pointi). 

EutCTdUTToH.     IIm  act  of  electriiine.    The  I 
bankliriiiliDn.  or  the  applicilWD  aC  todol  cli 
For  Ihe  uike  oT  uiuibnntly.  and   b  ' 


eLSCTito-DvHAKits.  The  phenomena  of  clecDii 
mateiial  aLDactkuii  and  lepulfions  of  cumr 
(Ferp,™). 

ELicTiKiLYiit  (ilAHTfior  and  ^vh— Ihnnigh  A<)i 
dccompoKiog  a  compound  MibibuKX  hy  decDkity. 

FjAcraoLvt-a.    A  uibituiee  whidi  u  HU«^Lible  of  etccmlyiiia. 

EufCTTOLVTic.    PertauiLRK  lo  electnjlf  nt 


EipCL-Ully  applied  to  dw 


diacnfagiDgJ-     The  actor  pniccaa  fi 


Theac 


er  (he  influence  of  the  ^alvani 


^ 


n-isiii.    The  phcnnmena  of  maini 
Ci%L.    Fertaibina  lu  electro^mcdidi 


EijomiD-HaTiHi.  The  tnelali  that  (enenle  an  elcctrk  cum 
Kunnto-OriilTHIa.  The  clcctro-phyiioLogy  or  eloaro-ther 
KLacTVO-PATUOLOGV  f He  clecITO -diagnosis} . 

optnvancc  for  cuUccting  electrtcUy  by 


Eucrao-PHVHca,'  Eleceneiiy 
Eiattiw-Phvsuicnoht  *  [p.  a4 
EucTao-PHruouKT  (p.  4j). 


Eiimto-PimCTUiut.      Tie  applica 

needlea  innoduced  beneath  the  » 

EiArrRDBCoiT.    An  inBtrunent  for  i. 


ELicnw-TmiiAFmiTicAL  Akat 


,    ItiT  nsdifim 


.V  •  (p.  .sol. 
of  elcctncitv  of . 


eloctridty  in  its  Thtraptuli 


erivetl  from  clcctroLm 


Duple,  or  pair,  or  cell),  C 


(linul  elecLrici  ly,  which  [k  dependeni 


A  btitttry,  although  siricily  a , 


wire  on  the  *diiKi 

he  pidei  (p.  54). 
1ie  lem  it  applied  I 


mil /TV,  inili- 


Faraday-    Called  aUo  tKtnjiafy,  iittftrnflni,  induct 

htn  uniMmly  adhirtd  It. 
lUDISM.    The  phenomaia  of  the  bradic  cutrent.    Samcdmei  uied  hi  /itradUaluK. 
4KAJHEB-    To  affect  by  application  of  the  bra-iic  current. 

mnent  of  lenninoloiy— Mr.  WilKain  Wheelei^ 
y,  would  be  otore  coniistent  with  Bnalagy  than 
{  Ihe  word  hat  die  Iwolbld  advanlai^  that  it  hu 


I 


auihr>nty  in  the  enhoAraphy  of  ih 


The  Inter  mode  o 


and  iti  all  «i 


:»ffondii 

KHUKtJNIC.  Pertaininff  to  ttalical  electnciiy  (little  uted). 
Fbaxklihtsh  (FnnklinI .  The  phewweai  of  tBiical  ilectndty  (lillle 
FumCLIHIU-riOH.  The  applicanon  of  italicil  electricity  (little  uied). 
FmcnONAI.  Et.KCTIUCITV.  Electricity  generated  by  fricliiHi.  It  ii  c 
rridty,  which  ij  the  wider  tonti.  including  electricity  senetnted  by 
Galvahic  ApfAKATUs.  Apparatut  fot  generating  and  fumithii^g  the ' 
G*i.vAHicBn.T(p.  ij7l. 
Galvahic  Chain  (i>.  137). 

GaLVAHIC  CiRCU.     Two  metali  in  a  liquid— the  galvinL- element,  pair 
joined  together. 


cell,  pile,  n  taatteiy  i 

induced  on  a  coil  of 

afUupat.Ulltry. 
Galtahic  (or  ElecDk)  Di.'Xs  (p. 
Galvahic  Pah  Itee  F.lemenlJ. 

Galvanic  PouLTicM  (p.  13;), 
CALVAHiiiH.     The  icicnce  which 


caUedalto  BmlinmM,.. 
l.tmivtlUicfurrtnl. 


c 


tB  (intrauterine)  <p,soo). 

™(p.  ijrt. 

:  icicnce  which  Ireati  of  electridiy  th 

djntamUat  eteclriL-iiy. 

AfTecting  by  application  of  the  galnn 


if  (ilvBDiialion  (p,  5J5), 
X  CuiiiENT  («  ippliisuiaii).    Ad  appliialion  in  which 
'  or  glided  over  Ihe  lur&ce. 
LmJCN  Jau-    a  gUu  boitlc  pEUU4lly  coaled  widi  tinCHi,  for  i 
Ldcu.  ELBrniii/ 

gencn]  electrimdon,  in  which  die  applicai 

plict  that  Ihe  direcl  aciion  of  die  curial  ii  coniiDed  to  Ihe  pan  In  wbic 

IriadOD  miy  be  local  wilhaut  being  neceuarily  localiicd,  Foi 
rem  iocaliicd  has  been  generally  adhered  ro  ihmughoul  ihia  a 
appliddnat  of  eleeuicity,    (See  locilijed  dettriiaiion.) 

LOCALIIIID  ELBCntUAT 

MACHn^iCELxtricorEleciricalj.    Any  mechanioi]  conlnvnnc 
Iricity ;    alio  called  tlntric  aj^mtui,  but  itriclly  ii 
Thiit,  fbf  uanple,  n  have  Holo'.  i 
the  galviintc:  and  Guadic  eun 

M*CNin»t.    The  poiver  which 

MAcnmiATioN.    Theactnrm 

Machhto-Ei 

i^lonefDrmorthelki 


Magn 

IS,    Sub. 

An 

thai  have  Ih 

™iion- 

m 

MOIEC 

oiJS.    Th 

ler  panidM  of  which  boda 

bciie»d»  ^m 

otmplmiki 

ID  each  other 

(p.  a,). 

Mot™  Points. 

Poin 

BMlhebod 

aw.  and  n 

UKle.  mo. 

Radilj.  re.po»]  B      "^^ 

.pacific  Aaa 

ElecDic  poinu 

ge«™]<« 

iodudeiKB        ^^ 

for 

nurfreactl™  to 

Ihe  eleeh*  co 

™nt(p.a50 

MULTl 

menl  Cw  mul 

plying  ot  in 

«a.ia<afc 

■ce— uhca 

DtelmHcity,   rtm 

^Uapplie 

boditolhefiiAa 

•um4lir  and 

MULTI 

(p.  .7)- 

OM  Ip.  }j). 

N«0*T 

V.    POL.. 

Wh 

Erelhecurtan 

pa.iOOtlt 

called  al» 

.«->)/»  D 

calluJ 

nnheKgadv 

powhYc. 

NaCAT 

v=  Va.ia 

p.  sol. 

T(p.  .S3). 

Onrai 

O  C0T.TaA 

nt  produced 

at  Ihe  open 

ngoflbeo 

rcuit. 

O'ONI 

p.  fosl. 

bodiei  by 

whid.  Ihey 

aunifeil  » 

»p^6c 

opi 

»<ile>nd 

ponding  to  in 

(P- 

PuirH 

PE.1K3 

nr  Ip.  J,). 

PnxA 

; 

NaNT(«U 

^ic) 

{pp.  >>«,  " 

a). 

4 

^ 


Pixiui-Nm™  CUWIKBT  (p.  .Bj). 

Poun.     REladng  to  Ihe  polct. 

PoLAiiiTV.  TlMiI  properly  of  bodiM  lijr  which  pecultai  phinomeiii  of  ihe  pcuiiirt 
■re  exhibiied  HE  certain  poinit.  Polarity  al  H  nerve  i«  Ihm  condilpHi  of  a  ih 
«w  pAri  u  ohiltiiiiiE  a  poHdvelf  And  Che  other  «  n^aiively  dHtric  state. 

Foi^uEABLH.    SuKeptible  uf  poUrintim- 

PoLAkUATIuH.     The  dctofgninf  polarity  EEt  It  body. 

P01.AII  Method.    The  melhod  of  applicalinn  by  vhich  the  rliitinaive  aod  diflEtmlul  ai 


iDti  where  magtietkHn  it 


Pocinvi  Puut.    Where  the  current  enter.,  ^M  al»  » 

^A'jWror.«rfr(p.  fas). 

enl  Ihu  paw  thiouih  the  inner  Olj 

or  wire  in  a  helia,  aad  that  indu«.  a  curnnt  Oh  the 

^•lHA■v  Kmcn  or  El«ct»iiatiok  1pp.  184.  »"). 

FimrrtuciKO  AmJCATloHS.*    Applkatiom  thai  ate  mai 

of  laltanic  bdu,  diiki,  aod  pouldcei  ire  proincied. 

dwmkal  icnon  that  iake<  place  (p.  »»).     Quaoiily  ,• 

,  cboined  by  laree  iiif&«  of  nitl4 

ud  iDnngadduluDoni  (>ee  Intenuty). 

any  pari  of  the  body  nBdcr  Ibe  1 

Buennofdenridly, 

Reactidh  (galvanic).     tStn  EIccoHcieiciian.) 

lUsisTAiics,    TTie  oppoMte  of  eonduclivily.  Thai  prop. 

:ny  of  bodies  ihal  tnaku  thcsi  red 

oroppoie  die  paiHige  of  ihecurreol. 

i 

RjrrauE  Cuuut.     (See  AicendingcumnLl 

Hmocmui.    Aninitrumcnl  fcrowtroUingihe  fluctuallmi 

1  braker  (p.  i«l. 

RlniDSTATH  (or  RheMHl)  »*- 10  tow.  and  irr«ri«,  iiaodi 

1  may  be  padualed  by  umt>  [p.  ul 

SDranDAiiv  Ci.wvitH  [p.  ftyl. 

htheele,±ridtyi.geo«a«!dhy.ia 

SmcoKUA-v  CiriuuiBT.    The  fiiiadic  corrHit.  odled  id»  1 

Lhe  i  .Orrupted.  mdMtd.  iidrnti 

ilKlrr-mi^mlU./aradic,  tie. 

SmiHiiAiiv  (or  Reacnre)  Efkects  op  Elictuzatidn 

(pp.  184.  «il- 

by  Ihe  cootncivHi  of  a  mutcle  uodrr  the  electric  curt 

Sh»«.     a  .hdden  rinjle  di«S«»e  of  dccnHdly.  «cl 

1   a»  i.  given  from  a  Leyden  i>r,^ 

appaialu^  fa/  iDbcal  elecliiclly. 

Spark.  Eukthic.    The  spark  that  attends  the  diichiiKi 

:  nf  clecllicily  "0  Ihe  puu«e  of  M 
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Spinal-Cord  Curkent  (p.  i8i}. 

Spinai.-Cord-Musclb  Current  (p.  183}. 

Spinal-Cord-Nbrvb  Current  (p.  182). 

Spinal-Cori>Plexus  Current  (p.  183). 

Spinal-Cord-Root  Current  (p.  x8i). 

Stable  Current  (or  application) .  An  application  in  which  both  electrodes  are  kept  in  a  fixed 
position. 

Statical  Electricity.     Electricity  in  reu^  generated  by  friction,  pressure,  or  cleavage. 

Stimulating  EFFECTS  OF  electrization  (pp.  122,  184). 

Strength  of  the  Current.  "  Amount  of  chemical  action  that  takes  place  in  a  given  time  " 
(Ferguson).  This  term  is  vaguely  applied  either  to  quantity  ta  intensity,  or  to  electro- 
motive force.  In  electro-therapeutical  language  it  is  practically  that  quality  of  the 
current,  intensity  or  quantity,  or  electro-motive  force,  that  is  necessary  for  the  purpose  in 
hand. 

Swelling  Current  (see  Increasing  current). 

Tension  (see  Intensity). 

Tetanization  (p.  49). 

Thermo-Electricitv.  The  electricity  that  is  generated  by  heating  two  heterogeneous  con- 
ductors at  their  point  of  junction  (p.  49). 

To-and-Fro  Current  (see  Faradic  current). 

Uniform  Current.*    A  current  that  is  kept  at  the  same  strength  during  the  application. 

Unipolar  Method  or  Appijcation.  One  pole  on  the  part  that  is  to  be  affected,  and  the  other 
on  some  indifferent  point :  called  also  polar  method. 

Uninterrupted.  Unbroken,  Continuous  (see  Continuous).  Applied  only  to  the  galvanic  cur- 
rent, since  the  £uradic  is  always  interrupted  by  the  machine  that  generates  it. 

Unit.  An  abstract  term  to  express  any  determined  quantity,  by  the  repetition  of  which  any 
other  quantity  of  the  same  kind  can  be  measured  (Olmsted).  "A  unit  of  heat  ^  for  ex- 
ample, is  the  quantity  required  to  raise  the  temperature  of  one  gramme  of  water  at  its 
maximum  density  by  i"  C."  (Ferguson).  Various  standards  have  been  proposed — ^pure 
mercury,  one  metre  long  with  a  section  of  a  square  millimetre :  and  a  standard  mile  of  a 
special  copper  wire  of  an  inch  in  diameter.  Seimen's  unit  of  resistance,  by  which  the 
rheostate  (p.  552)  is  constructed,  Ls  a  prism  of  pure  mercury,  one  metre  long  and  one 
millimetre  square  in  section,  of  the  temperature  o^  C. 

Unpolarizable.     Not  susceptible  of  being  polarized  (p.  140). 

Variations  of  the  Needle  (p.  9). 

Volta-Electric  Induction  (see  Induction). 

Voltaic  Alternatives.    Changes  in  the  direction  of  the  galvanic  current 

Voltaic  Pile  or  Battery  (Volta).  A  series  of  elements  so  arranged  that  the  zinc  of  one  ele- 
ment is  connected  with  the  copper  of  the  other. 

Voltaic  Current  (Volta)  (see  Galvanic  current). 

VoLTAiSM  Tsee  Galvanism).  (Although  the  honor  of  giving  the  name  to  electricity  generated 
by  chemical  action  is  really  deserved  both  by  Volta  and  Galvani,  and  has,  to  a  certain 
extent,  been  accorded  to  both,  yet  the  term  galvanism  with  its  derivatives  has  practically 
secured  an  ascendency  which  it  will  probably  retain. ) 

Voltameter.  An  apparatus  for  testing  the  strength  of  the  current  by  measuring  the  quantity 
of  gas  given  off  in  a  given  time  during  the  decomposition  of  water 

Zinc  Pole  (see  Negative  pole)  ;  called  also  cathode  (p.  635). 


Fio.  95. — Divisible  Combination 


Smee's  Eleme:<ts. 


This  comtuanlian  of  ^mee's  Elemenls  h  desired  for  hospiul  or  oRice  use. 
Although  it  con  be  carried  by  two  penons,  il  is  yel  not  'coovmienll)'  portable  ; 
aod  [berelore  we  have  suggested  the  plan  of  dividing  it  into  sections  of  20 
elemctits  each.  One  or  two  of  the  scctioiu  may  be  provided  uith  a  cover  and 
llrap,  and  may  Ik  carried  in  the  hand  for  a  short  distance  without  dlClii;ultj. 
We  have  «)«□  devtwd  a  simple  orrangemeiil  for  increasing  the  current  without 
breaking  the  circuit,  and  have  suggested  other  impravemenl^  in  llw  details  of 
the  construction  of  the  sppsralus  that  will  siniewhal  diminish  its  incoDvenieiiees, 
and  make  it  more  gencrnlly  acceptable.  It  is  a  greal  advantnge  to  have  the 
apparatus  connected  with  the  ingenious  contrivance  of  Kiddu- for  increasiDg, 
rnlerrupling,  and  reversing  the  current  (see  p.  135).  Special  directions  acfom- 
pony  the  apparatus. 


FlO.  96. — Holte's  ELBcmiOFHaRUUs  Machine  (see  p.  iG  and  p.  341). 


i'la.  97. — Handle  for  Burner,  with  knob  and  spring  fur 
nipling  or  connecting  the  ci 
—  Handle  and  Cutting-loop. 
Fig,  99, — Handle   for   Cutting-loop  where   only  one  hand   is  at 
liberty;  the  other  hand  mav  be  employed  in  holdmg 
as  the  laryngeal   or  aural 

—Burners  of  various  shapes. 

— Burner  for  larynx. 

— Cutting-loop  for  larynx. 


INDEX. 


Abdominal  viscera,  localized  electrization  of, 

Addison's  disease,  333. 
Adjustable  electrode,  661. 
iKsthcsiometcr,  374. 
Aeue,  588. 

Alcoholism,  chronic,  310. 
Amalgamation  of  zinc,  33. 
Amaurosis,  542. 
Amblyopia,  54a. 
Amenorrhocai  491. 

Cases  of,  501. 
Americans  compared  with  Europeans,  389. 
Anaemia,  319. 

Treatment,  330. 

Prognosis,  330. 

Cases,  ^31. 
Ansemia  vs.  ^^urasthenia,  395. 
Anaesthesia,  371. 

Klectro-diagnosis,  373. 

Prognosis,  376. 

Treatment,  376. 

Cases  of,  377. 
Anaesthesia,  electro,  60. 

Anxsthesia,  fadal,  differential  diagnosis  of.381. 
Anesthesia,  hysterical,  379. 
Anatomy,  electro-physiological,  344. 
Anatomy,  electro-therapeutical,  350. 
Anelectrotonos,  53. 
Aneurism,  639. 

Treatment,  639. 

Cases  of,  640. 
Ani,  prolapsus,  534. 
Animal  electricity,  Du  Bois-Reymond's  theory 

of,  51. 
Animal  magnetism,  93. 
Anosmia,  583. 

Case  of,  584. 
Antozone,  607. 
Aphonia,  536. 

Prognosis,  531. 

I'reatment  of,  538. 

Cases  of,  533. 
Apparatus  for  faradization,  118. 

Care  of,  135. 

For  galvanization,  131. 

For  electnilysis,  634. 

Minor,  195. 
Applications  of  localized  electrization,  169. 

Fre<iuency  of,  169. 

Details  of,  174. 

Hirn-oughness  of.  31^. 

Of  general  electrization,  length  of,  314. 

Frequency  ofj  215. 
Armatures,  magnetic,  6. 
Artificial  magnets,  3. 


Artificial  respiration,  591. 

Ascites,  6r3. 

Aspermatism,  516. 

Asphyxia,  591. 

Asthenopia,  540. 

Asthma,  sgS. 

Astraphobia,  604. 

Ataxy,  locomotor,  ^37. 

Atmospheric  electricity,  93. 

Atrophy  a  result  of  electrolysis,  633. 

Atrophy,  progressive  muscular,  447. 

Case  of,  383. 
Auditory  Nerve,  galvanization  of,  66w 

Reaction  of,  369. 

Normal  formula  of,  ^53. 

Changes  of  reaction  m,  555. 

Hyperassthesia  of,  551. 

Anaesthesia  of,  555. 

Paradoxical  formula  of,  555. 

Difficulties  in  obtaining,  563. 
Raraesthesiometer,  374. 
Baths,  electro-chemical,  676. 
Batteries,  galvanic,  36. 

Wolk&ston's,  36. 

Danieirs.  36. 

Grove's,  37. 

Bun*en's,  38. 

Methods  of  testing,  635. 
Bed-sores,  661. 
Belts  and  chains,  136. 

Pulvennacher*s,  137. 

Galvanic,  366. 
Bladder,  diseases  of,  533. 

Paralvsis  of,  ^23. 

Dissoluti(m  of  (^culi  in,  673. 
Blood,  effect  of  electric  currents  on,  8z. 
Boils,  663. 

Brass  ball,  195,  soi. 
Break-current,  37. 

Brenner's  invesugation  of  the  ear,  550* 
Breton  Frdrvs,  galvanic  belts  of,  137. 
Bronchocele,  650. 
Brush,  electric,  376. 
Buboes,  670. 

Bullet-seeker,  electric,  675. 
liunions,  655. 
Bunscn's  battery,  38. 
Bums,  663. 

Calculi  in  bladder,  dissolution  of,  673. 
C  alorific  paralyMS,  433. 
Cancers  treated  by  electricity,  656. 
Carbuncles,  663. 
Cataract,  544. 
CaLirrh,  583. 
Catelcctrotonos,  53. 
Catheter  electrode,  insulated,  511. 


OuiHiic  alcoholuffl,  310^ 

Club-fiwt,  fr^ 
"  iL.  pfimary,  38. 

nductlbiucy  of  the  body.  B6. 

'ji.  wpiml,  IDS. 

hT.  hifijrcatfld.  fer  decLnJyau.  6j7- 


ProgiuHii,  4B1. 
CusoT,  ita. 

---' — "'-n,  DiKmA]  ap^cudoiK  at, 


wing.  ID  LociObed  clevtruHtkni,  iG>. 

Sircngth  olj  lU. 

M«thnd<  of  madifyinc  the  quiUky  oft 

Methndt  of  nwdi^ng  ihe  urcnfrth  oft 

Strength  of,  h  gi 

Klfectt  of,  on  the 

nture,  ipinal.  66$. 


or  the  car.  u6. 
Ori>wikin,%D. 
Of  ibe  ludnry*,  6di. 
Dropf];.  603. 


DyiDKnorrhodi.  4^1. 
dm  oC  5". 
T>yipepHe  uihAnique, 
IlyipcJKia,  nervnus,  ^ 

Dyjphagia,  from  (pun 
DytphDnu.  nics  of.  s_ , 

■  U.EI11.U  ukUhh]  of  elflctrtf41»D  ot  54 
Kxteroal  m«bad  ofclcclrintLoii  of.  u 


b  of  the  pharyBi,  <l 


Ear.  diK 


^it^'i^^'b.«klia 


Of  Ihe  brxlk  irumnt.  jB. 
Of  Hiatie  dcctrictty.  $B. 
Of  Ihe  nlnuic  cuttcdi,  59. 
Of  locdiied  Electriulian,  1B4. 
Of  gaiern]  eleciruaitiiiii.  ns. 


Anitnal.  Reymofid't  theory  oC  si 
Saac,  eBccu  of,  fS. 
And  life  noi  ideiiucal.  go. 
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1 

Elecmc  miu:h>o«.  ■< 

ElecOU-physiology,  .5. 

^ 

P™b  ofac™  Mid  muKiu.  ijj. 

Ennlonirorpnibf,  673. 
Bulln-wckcr,  6;t. 

Elcclfo-mreefy,  611, 
Ki.i^o'r.6... 

Diiki,  57«- 

Eletlrolhtnipeuiia,  hiiloryof,  «. 

ZlKInialion,  locuload,  hiiloiy  of,  106. 

HiilorT  of.  109, 

Thcnpeulkikl  iclioD  of,  iji. 

Elecu«l,.i.,de*niuonof.°<S,. 
MitUiry  of,  614. 

A>lin.l.lirin,l<.nic.  M'- 

C<Hn[»ral  w!ih  otho  tonics,  nj. 

Laws  of,  fts. 

RiUiSate  of,  M7. 

E^gerimeuf  on   inorpnic   ™b.«™. 

Wiihrndstrntd  efccnodM.  .6.. 

In  Hircery,  619. 

Deliil.  orjppUa.donoE.,<. 

g&rf,-^"™'"'"""^^"'^ 

AppRiatui  for.  634. 
Conductor  for.  63;. 

J 

IMkuoi  which  uc  BeUed  hv,  61S. 

Mnchine,  i«. 
Machine,  Hulu's,  te. 

■ 

GB.«al''in'"ioali»d.  diffcrH.U.1   in- 

EU»™«,pe,goldl,=.f,'.,. 

diaooni  Sjr  the  um  of,  ass. 

KleamiDooi.  jo. 
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